


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1985-03 


The use of austenitic stainless steel versus 
monel (Ni-Cu) alloy in pressurized gaseous 
oxygen (GOX) life support systems. 


Marsh, Bert 


http://hdl.handle.net/10945/21602 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
1 0 U DLE Y research mate rials and institutional publications c reated by the NPS community. 
4 Ў | Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
ІШ КМ OX appointed — and published — scholarty author. 
кы | LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 






















































































































































































































































































































































































































1% Е т и з А - ДА. Ж» (Ф! рч“ 
DD О 2 M ۶ Р! 7 1 Й E ЖАХАН хақ "S IRE ТКИ 
: пе 1 1 : ЗАЛЖ ХО М] РАТЕ КИ ЧИМ СВИ ОКА ЗОО А ОСИ | 
Я ханын : 1 к а d uo ыды ХААЛАА, AE EET EIR AR IR EEA RAR S T! 
(ч? m 1 К дэээ ИХ f с هف‎ Зза у ПКУ ЖАЛТ 444 48344154 
ев und gr d X a" Jm П ЫГ ХН ها 'ه‎ АХ. OR S г 
E d T MU “ 
LED у А Ди B. В й ҚЫН; UE анық Г | Vt; 
D 5 NN IX art é ٢ ү Н 4 
NEA IU AME UE C Eon ИЗ ا ها‎ 
я H ! a D 4 OLS Жэ 
Ч ې‎ П e а Зе LE “е Са И : Е МЕКИ a rE 
55 E ٢ А ~ $ 2 ы 3 МИ: 0 Тү. [Зы М] в 17 тр 
я M + Й E оО 52401 ۱ : ١ 1 Ы .3 Y қ Ад ВАХ На 
1 AA ss ШМ, ny 8 п у II ан 0. 
A а р : ҚАНҒА 2 ЫЗ А) "lic S. T. 1 Й ai e icy) X ete S АИ ке кч. 
D RT ANN А ОИДИ Е DOT у هم‎ ЭЭ و‎ AEE LE a 
5 с: : ی‎ 1 а А а ОИ A ООД Дт 
ў а Г > склу 2 AP NETS " п ара, а ми: be: iiy #0 ААС р 
5 а "d o دک و‎ З Wee x 1 мае 1 ЖИ DOE К A ээн 
Zo ctn А сүз CC 
n 4 AE NM کاو کال‎ Ni ® 
7” і, Ы АЯН СОО 
ў б n р А У 
آَ ند دږ‎ К ве а у) а з. 
Ц ра ۹ Я 
т ? М 
: А А 
Га.“ 
ЈЕНЕ й A ся 
s 1 
Ta 
е у По t 
. н n 
RP °» ус, 
П П "م‎ 9 
7 "с ы 
LI О 
D Оа ад 
А E : ці 
۲ ы ° : A Run" 
Пр съ ДД ЕЙ За n GOL HON 
1801 ХОГ М 
E а 4% а کا" وم 'ه‎ 
T .єр 
LU 
1 5 "HET Pt ЯЖ Е MH ايتا‎ 
` • 1 9 а Эр а, Sar پا‎ Эр аг АД 4 » 
0 ЈЕ ПІ 20 Зя 1 : бу i Й Е. TE р МА ПД КАК EA а» и ко 38 5 dm ПТ ИУ а 
3 "а GAL E м|4 5 3 ps з. Та Пе За, АЛЬ سو‎ 
RE 54 24 1 Peter. n , ` 153 1 А Y ET а | КАО АИ У * 
у кз ~ AN D LITE і مروا و‎ Eds VIR. тъй Те Е Љ + PERA , | М А и ~ د‎ 
ї я Рае дйг Г Санг 2 ЭР, RE шүлс ES DL, t SIS бі DENN at bt 3, “АД 4 ر‎ 
وړ‎ 4 EET ise 2 E ПР СИТО в 5222 "T anil и а ^ "уа ВР 0 қ Ж [АГ] мүүн OS I OON y 
ў р يه‎ Е НОЮ рі" ||" واه‎ bU Gt Д АДА И МИА ЕН PC АС А гра қ. АА. За а 
^ LO اپ‎ %% KE ie | pete з СА و‎ мин и ^ AK ЧА ». НЭХ N4 g 3 ДА за ۰ ې‎ 
Dre iT мы | "n с 1. КА ЖЭ CX / ска 7 ДА ни хо АИ Ут 
E ит E (٠ У ود‎ RE: DE CE ay [ Dn | te «7 гс etd сом аа У T КҮҮ DER ты سا‎ LXX IU 
». EL П 5 та шэг A ٤ 1 د‎ А Е О Pe р 2 ОРИ ЗА МУ УУ РЕКА 9 Ди уа САРД 
| A 1 ! Й TE بل‎ n^ ы ST РО ў уда ته لا‎ XE ч. а (а. e EX E CURA eC S мор ААА 
"t ЭС , : a gee ree! E PEDI 9 kd + 17۳۴ ху фр): ودد"‎ и ъё АК АЛА КЫ. ما نه هو یا‎ из 
TET Е р ЛАКА 25 x Boe XI OA چا‎ ТУК لي‎ CE ИУ БМ КЕК ә куз улу. که فیا کل‎ М 4-64 
: б “а ГІ Pn aC А, а 41 97974 Mu PC Ж : په يا‎ МЫ» 
ПЕ: HEU КЕЯ В ши Ks 2 "134. и 1 А. ЕАД? у ы 1 Граза з! а, ES 1152 м а % en "M M م‎ Й лр وو که ویو‎ КАНАЛА Ақ ео, 
. М LANE 5 Фа. О ЕА ar e n : Ы ~ » [А ЕМ КАД. р 
Эд Agee chai ML Re і E ЖЕ 2 Біла а СИСАРИ ВА. 4. БИТ”: CD Er M4 EMEN Чы ۲ n ۳ D A UN x ЭХ HR MEC у A کا‎ 
је Де АЕ El UT АРА ы” او‎ мн?" ЧИ وو ووه‎ DOC, ا‎ OOO E RE a у Ч b 
1 5 ко EN б - 5 5 n А г "А й DEL 91154 EX 9 aL. Los боди а 
A Cu 9 Г TAE а а аў Од ЬЕ ачы ы ЕС СС ) TOU ус AA, NS 9550 й заў УЕ ХҮС 
٩ 5 р . Й О . РО ٠ 0 9 й .. 08 A ‚* پخ‎ ۰ ў ` n лч) 0 
E | | ҮҮСЭЖ, HE RT : ни Ж 44 E EO қ ХЫ ка “а го gn, n АЛАХ, АД і абе 24% bu! لن چا په‎ Заха; 5 رما‎ dele bets سا یک‎ 
. ы П dd П ; ال‎ 0 АА Out "n а масс H .% к 3 фи p! к К КА сч E. сс је s Ч ы n қ : ЇЕ ы 13 : rt bea ХА: دولوم ده‎ я 5 UA НАУА т له لګ له‎ > убив 
: E : 2 } ar یک م"‎ а 14) (7, : ОЧ LT d 8 
і y? е pui 5 Н уе ща. ٣ лаў ў E Я. 1 «З М و‎ қ LA PR ۸ і ٨ : pe D e 4 а IE i и“ t ra ққ به‎ 
х 4 ٤: m к + D 4 П У Н юэ è КЕ”. y E AN ДА АА : КА Арақ М Це Ва. 
76 E | ٥ د‎ чої пуш е», 4 4. а ыа” заты ПУТИ а е дасы | ОСОБИ РА о 
і у " 1. 6 2 . & * d р П О а ВОР зет Ух A КАБА ره سه بپ بد : اا را‎ а аф 
| Р др ол Ын E га sit) + vou WW NON ры ay AAG + Уы АҒЫ خ دود د و هم ې‎ Цу яга а, Ж мэ 
+ +, а р РЫ pu ٢ +; er ` [4 Ул Х( | 2% 48 жи носа jy ENS baag.) و‎ Ur 
ЗЕ. EC AE - 2 ۹ د‎ WHEN E 2 e а: НА: E 8 + 1 
: ۾‎ e А: d ЫМ ГАРЫ, у АД TE s. EN e T “Be i nae ын ЖАРДАН. هڅ‎ у 
4: Dc sr А ў сл و‎ ара Я АГТС ны”, до 250705 ^ on НЫ къ: 22 
D ~ 1 ۳ , : LUE FEN й і ~ л 2205 ВЕ: 
کو«‎ hh 38 аа АА. XR. JU 207 LOT LAC SRL 154% АЖ ЖА (4227 А: ЖҚ р а; به اا الک‎ 
4 її» чут”: Ж i NEC: ра оп мыны. OO АД. ТЫ >; ҮКЕ! Qu? LUE 15 ХЭД 
М $ а ^W 1 2. К 1 1 ы! Pu ИШЕКНЕ А А - аў КА АЕ КО ч 4 Е УЧА Къв را‎ | 
' Р , 1 Ц Ц $ Ax. саг" ^ p с uM °" > - a! 4 پلا‎ р у ОА T: F nr. rt aid Mibi Mt 
Й я К ) | " UG : TA roa 11 гс ~ ДА هی"‎ Р Са ZI МЭ : УУ a i6 9 “л г Саба аз 2 далалар че: AGRIS ~ х E 
Д Ы Ч L 0 ^ CN COD 8 . CEPTE) „ پا دی‎ 7 : ? ~ "~ о Ч tss В С وي‎ LAW 2 ауы i ч MID 
E О | мда TES А, А А J^ E TA. 1 Тыс 5. Ж NH ۴ so, ue > fe и б гъ”, Nt ақ) wi Le 4 ~ НА А, Ж. МЭ СЭ, ЯА * 5*9, "- 847 РА па 3 м 11 д“ 
У : : ТТАР, ы + а D У, б UEM ES URL N п № E аа هوم لیا‎ 4 
C M т t ДА ХР, даа Кр иа О - ې‎ И 12555 
i MA Я г ЕТ ES MR rete کنا و‎ 1 а OS N ka 
"тз нара ана ЕРА ОД ОК ДАНО ANNA 155 АСЯ е SD AM Сы ЖМ 
e М ф е S Ia Г : 
` ЖА" دود د‎ ۰ ESE Г "лу СИ нъ ХААН d 67: RA a A (25 ٠ لو‎ bs я 
D =, La ын НЫ | ЭЧЕ ЖЧ Им 4% 2 x A уы MY Фара TE لی‎ с 
А o^ dc Ыы MENTOR АЗУ US Hi ~ З Жж 
Oe ey Bch te “aS E MN» Р г : 
і 4 Орны ор аў БК > B ла "и АХ det DN و‎ A 4 хун ХЭМ AT RATIS T т 
E Ж be... TÊ } < А D MR iJ сг +; Ы У? CECT ы ود پد که‎ 
زو‎ ; De M Lt А, 1 БАРЬ m кА А vss AUNT Ке ark 4 h قو‎ н 
А в пу 1 Wt e : 1 АР پر‎ каса 3287 
e Wn gne XE ! s : ТУХ کې‎ x ш КУУ AS Ae мех 
0 rane: . ы 14; [e > г » “+ ТАГ n 
zi. t. Joe по Е sh > шил у ғ EL КА 2 БЕЗ М а vis SR COCA 6 НА x ВА TN МАЈ És 
"Á ГІ ция ә ы А , ДС 2 > м ж Y M З м $ 2 TE А Жаға s NA к 18 
EE Xx, A Я эээ. E 2 ЗҮ. pow A а ER Mtt rh мэ Lt нах 
PST ЈЕ 551 37 4... “з 4 „Жш ч А АЎ еу VAR 
О, يی‎ е رل‎ А UT PE + Gr Не M 
Р E E £ 14 ыса. e LAT d سر‎ m Ке 
fm 16 Е зү Н О 5% | D eti Пас И anise ار‎ з bet Ас: 22 SANI 
' К о: КЫЙ И, 28 
Уа 5 Ё ЭЭГ CDD: n ; сал? 
3 Dr er Ди E | 5 М2 
ورن‎ Ў МАХ Ф. Ч 4 Хе ғ > ге хэр 
б PA ек .. 
: , еді Et ўя KT й 4 2 "T "M APP pes > ачы Бо 
б Р 2 1 Н я "о > ٧ | E че, 
AE ا‎ . 1 : А ووا‎ P A ВОЛОСКЕ XM y : Ч хо маб, яў р 
P ПЕН А S Ч QUE a СА f^ NAT RS ENS. 
: 1 А ۸ d Ч 44 ә 
3 cs EET D Ы те МО До : 
П gud" P А د‎ ه٩‎ №, E ' » М ГА } ЫН: 
ЕС. и. бі 7 П , О 7 N 
Фа ۸ =. б. ٩ П ї, ic „УР. 
РЕ ОС E" E ж 
۰ 47 ын ы 
эээ аса), ` Мый | мај Үд 
са АЛ" т. 4+ H 3ء‎ р rt 
S р 5 СУ А по о ۰ 
М ҰС; T ' | КИР", ګر + کو‎ кл 
5 Pi 0 7 0 .. %0,.. г. اس‎ OPE 
PL" 1 б А 1 9 8: 
EF "C D РА 2 є, $ ТҰ aes 
р DD Берк HEN ЖА яў, з 
... о. Ў P E і А б " . 5 E a نت‎ ви E 1 
Е 2 иг М : М Р АЛҒА. 
go |, Яа, ёолж, 7. 3 “ 1 yf Se a el lee Poo ېد‎ й 
T [ 9 ка name » | У Лаг АМ © 4204 Цан 
: р 2 ИГ + Б - doge 
LP DONE n TA M e Ч У. نس‎ 3 7 а Mon 
J : Ту РЫ Л : \ r П 21 + me : ^ e, jl Me x 
Sd “йг? ДЕЈ 7 ы T XC 710 А А P 
"e р NUT. ” б ае gol al Mad 7 щи هې‎ 
р ' ай EL : : О 4 pP ` жээ 0 Jr 3. ار‎ Zo a. кая 
ФО б 25 42 Ч . 
bi e Ал дъ су горе ze n і :я 
ы М ПЕС М M кз Эгч 17 СУУХ? چو‎ 
1 tey, bre қ : Cv 27 يلا‎ у 5223 Қу ^d و‎ M AL TTA EPET ҒА а 5 E Ка ТЭ) 43 
: иг. цг... د‎ 5 Ц 4 5 РІ E DI IS Ls 135 4 72 RO EUR EI LU ПУКЕ Y. 5 САДА, E 
ын اا‎ ы x sU E ғж ХАА 5 ¥. БСА РОДИ РОС УК RTL ECT ДАУ اوو و‎ и VE ма "uv M : لد‎ 
: Шы А М ЗАСЫ а $ + » А ко وا سا‎ Янаў а Я ЗЭС tony at Perry o: DUE EX d ЕР) 

У na 1 ў Amr Р 1 гуф E 5 л Eh erie aad E v 5$" era a^ ^ و د‎ РАИ ТЕ PERI "P а, ^v Ds el да ایی‎ 25 7 
ПИ د‎ у ы Џ а Беж. нй ЖА М аты ویو لا فر او کا‎ М ана СЯ ег е, Р, ру ро ЕАД هل الم 22 ری‎ 
Ж О SIS и کله چو د‎ 52 ур EN حون‎ Р 220023 ТАТТАН ttr [o ite pereo ал wn У 

» BLUES ОС ... سرد‎ қ т “+ г RA PEOR суа: же; ле بي‎ 
ї ۰ кА МИ, -? 5 5 KT: KS T 2 à РХ E "EE РИМ у ДР А А үл 54; ‚ый: E: 
А 1 р аы б, Е а. “+ 223 ار‎ AAR E, rD rea re LAL Кт Ве) 
1 Б лын л зу یا‎ МИОКАРД. POCO б ЕАК ua d m مر تي دص بر‎ 
‘ 24 ut р oe Fi fe уФі- бо. 2 еҙ кери | ў dod Bry gre AW EL РУДЕ Аы а rere. Я udi 
ЕИО ор мл 5810 ў J ані AA ве DE 2 МЛ О АЯ СО ا‎ CI 
په‎ Wee Ж. ری‎ D eO | е б PARP тур Рут. ١ Я 255 PI PIE ad : 
S qe d د‎ А zit رر ېر‎ ic e en Д РЕНТГЕН رای‎ P ee اا اهي شا‎ 1 PAPI al Жао b НА 
чы 3 К. оош Е, . 52 РЕЈ ае ди Ру na PUMP TAM DER ZA ATA БАЗИ Ли Sunt oor ane سي د يراي‎ os 
> Ld г“ ..%..м 4 "ES PP PPPI. НЭЭ 5 АТА Нер а ВОРОГА СА ECL pies se REV ЕКА tb we < 
к پر‎ тр а, ! 2 زرو رک‎ PLAN a груз АЈ DLL AU EL d PE PISTE S IPLE د‎ а اذ‎ 
"ПАЛ; m ر‎ БО" э КЕ? а АРЫ Ж, ПИ ЕРЕ ГА БРЕД: ОРТ МЫ ا ا‎ 
2 Фара «ом و‎ DT CLIE Y ar nr НО Ан р Ё А АДА ТА РА ње 
і МЯ ЧЫР а РУДИ с» ه‎ TIT пари ома ПД ГА в пдв РУ гола УР ее DOPPELTE г... И 
ш; اب‎ г. Us СО د سن‎ Pa er Eee ки TOOT а аа аса» اص صن اس ان اا‎ as МА, 
у ЗОВ, سه‎ : ШЫЮ baga. ЗАДАЛ А РЕА у е OL Re AAE PST EA ee oe T оо 
m atto 3 1 EU 6ل‎ rabo РРА КА ДО РУДЕ оре aeg n Pm nant ОАА y MR TE unt аа абра 
4 ў ҮРЕ т уу ME 2 PE T ONG NC ане MJ йі пней. 1 ГАН а а АЕ АЮ ЗЯ а БЕ Жа ag AEA аа еј Ра реа eel 
eel فا و‎ me "mods و‎ . » ИЛЛА АУЫ ا‎ g La رول سا لي لر ار‎ НАХ ال لو لی‎ T y 5 а аа ср З hai 1 
pel! А у ын 4 за н 0 , аба" ‘Sree gerry ap’, سا‎ gr тА E PE, Ж) МА ۳ Я > M 
гэж 2 г. 7 - г e eT : г 5$ : Py гт Ак и р arre. РОУ Ра А ЕМ wie oo „ст. PPS. Men e ارا شد موش رصع هکت سا خر مالس د‎ ; 
و‎ ٢ - 4 2 یا‎ ОКА А а, او و‎ кая, ри сре Тл т EPOR АТИНУ КИ ДЕ ТА: Ида ута سا ال سا‎ АЖА ТЖАН САЛ ЛАС ТЫ الو سا ارد‎ ұу. 7224 ES а 
dep re П гу гэ 1 8 Ғ4%8% ٧۷), رتو‎ ы ~ уг: AH vr түге г АХ РОСА ТП Fu PO FW j r PY or ET? А; О РТ cg." mytbyrziy ea > we ae 
Nel d М 31 гн? ене O DOLAR АЕ Жл ЛД сан о У D ريو سفن و لد کار ار اوو اوا‎ ge DE ACE LLLA o CL E ded M ووو يو لر اا‎ pi eh ri 
E LP ERA "sos сүа ў CIS. ELS ЖА». ПРЕКИ ИЛИ TC PLUME PE i PDC 72:34 БУУЧ м уа НЫЙ wer ایو را‎ Кима dnd ra РТА 
"d m "4374 (doy ї Put) Ли H Бү Y PP PM مړ‎ Y" due "Yr ИЕ СРИ И T ЖЕДІ kk ea ELIE PS Vids, ШКАЛА Le die И 1 ري ام‎ de 
> n 1 DE ال ږل رلاد‎ kera, о morus rnt a ДЫ ма третата ae ئو ره يل‎ є alten لس اس‎ 
, [e А 7 5 ИККИ ВОДА 4 a ЕР Н л وگ‎ РР tp Ao ui P e 
cae. ЭН 22 ЖЕНГЕН үй 22 ка Ero T КАДА. мете у ER НИХ ې‎ daba Дарн اا بت‎ КН 
М e ? 2» : + 2 
د‎ ٣. مج‎ б ex Ч نا‎ A N با‎ жолы 6474 y ДИГА راښ‎ LLLA M d du (1245-4664 Ж 
+ Ч . PREPS ETT ELT RRMA TAP TOE, oO ҚАЛА дал ГА А РОСА АД зна уи 
По Al ОГ PO a a E PA i e E, jT м Д په یر‎ ЈИ سیا لصاو اه‎ Рь "f ger эт гнаная 
а با‎ у * DAE bia ICA. көк НАР РАНИ او ال اسر پل پل‎ ТЕС thoai E 
: 4: яг” , Fev om Аа gen. ses, s ИРЕ; дата,» дик BÀ АМАЛДАРЫ аа но مو وم‎ е 
id : NE T й 2 ту улым Be PS Pay Hale ВЖ е МАЎ Ra лл EA LTA UL NOL ара 
УЈАК Пи. 11 1 Dr LOO E EA ARDS КИ и 2 وا نا‎ re لل من اا‎ ЕГ, E م اس‎ 
і > 7% د‎ Џ اج 0 پټ ا‎ Я а ті "Ул em е, БАЛ ЖКС خو و رس‎ T ыы САЛА үч Гоа ДАЛ ИРОДА А ТОР ТРТГҮЇҮХХТГЛУХ ДА мя Fabr рн 
i а nan О ОЧУ Уны ое UR NS eae CE ATIS رک به پر‎ КАЛИ АА DELE SEC Артоа нота ва не 
DL ХАК ААСТА аа а تر دت رف‎ КО о И сор 
и р : «А ET е ше е SUCI E ХАЛ? (Б ась i > ам сай 5 Moro mios 
КЕ SI LANE. С "و‎ 45 Jd! af TTE PC газ У mr mE, іХ D ترا‎ % ۸ DAE S En аа يرد‎ DUDEN LUE TE سب مب لوو سه را هدس ري‎ ан راس‎ 
V E .. 5 а 4 ы DET * ут E es E dig M سو‎ М Duo pd Aa FoU a v Reo Quy یه يو سا‎ woe. е 
1 Р 9 ЗҮГ i cx А сь zm ы -ه‎ Y 7 тиран T 3 : fa^ ҚАРДА ЖАТА еі Ра Аў Fb gem s ААА А үг REEE Аў сқ ВИДА ДАТА ААА 
33 ЭГ AP PR pos цэн SUR xe) اا‎ PLA та, ABO Cc ЖАУЫЗ y 2 B ېړ‎ Panis vuv رف‎ АЛАМАН А ТА А г сих » РА pri br ELE ALESSI: 
Ч " "а Lou. . Ex PE DUE sig emi ям»? 23 tvid, ПЕТИ ЫН. я. №" 0 9 е ооу an ړ‎ М p 2 : 
dU m De ЖАН, و‎ apu N 0 2 Er EVI т, Wia 064 NIA A «о An ди: ЧИМ er { Ur 2 к e ЗАМ АГЫ (35: ана 22324: ML Ad ЗА Vir ابا بل په رتو بو‎ o ре, 
Жы. ' а па р ЭР Ly МА. И LJ mha ЗА ЛАТ E шанг Ааа нею ў [зе зга aa р гд. 
СЭ + Ар. ar ee or Di M Pa Y у" Eu مو‎ ^ ў NS 1 e a Yee гт همو وله هکو‎ 555 AL: لد نن سه د شا‎ ир ре пет з АДС РС а ада رای اا‎ У pain ак A 
ПО uo. ИН لووسم د دو سك رس‎ т 8 IB VONT АТСА مال ار له اب رن‎ К ДАЛАДЫ o AE o ded. M d e ДХ ХА АДЫ ДА АА ا‎ ИЕ ЕН ыу: 
: ام سه‎ ١ 1 ДОХ Эн ТХТҮНСГТҮЛГҮТИҮ ee ee D dc P i Aen P ER ot ke а о ا‎ КИ ОТО АА кор РАДИО аа 
y аг: кю dt ^ A d v ام‎ ДЖИ з араб لور صا‎ 2474 22 Y. ДА rdg Aer ral ми РА سا‎ éd quc A an. تساي ولرل د‎ РО کپ‎ 
7 7 MN т. ?.5 га EI го в Џ رل روا‎ во Ба 25 ГК ДА, ИДС ВИНС З ЗСУ А А ИУ заг Э : а А 1 
; эээ T ч Й р IX МЕЛЕН uc PPP т р 4 м” اا نروک‎ ٠ E Сане dero 
р А Zn ^ XS d QUUD UE Ue 5 : б, Ju eu $ سینا‎ 5 ҮЛТҮ: эр 
" бад онд” и E ыг а Par: цагыг ИА E Я سابل لص‎ чт وا ادو را‎ du E Tof, kis Эн УЛС ed Man AD Pis پا د ای کا که وي اسر لي دود ايا وان ربا د را پس‎ ГУЧ СҮҮ: БСГ ТЭЭХ 
ыал : ЛАҒЫН Di ге ы La PPP وود رس‎ БД» 1 .. ? id Я 2 й 
г ы ЖАЛ Тл 0) tg. NE ЕУ ш. қ Ж Р Pn ir M د پوه‎ ur: МОК САА و‎ EL E dot rt موو و لور وه سه‎ а А аа بل اص‎ 
C ae uS s , С“ да. МА ИЗ Aa Ade ДО ЛА ИД а O И а od EA UE A e CC M اوو کس ید اه‎ А نرک ار وا ا‎ ФА ОА CL IG ELE а 
ом» ў Ме ЛЕ ТИ лн. 27 йл Denn аа а ЫЗ E EDC ЗАКЛЕТИ АТИКА БЭ اك لا‎ ПО مسان ابا‎ ми ей ана ане вёў, 
й Р У иг, Чи? Ри о ЛЛ УКК РЛАР АЙ жуз Уз Г. ҮР? ЭР у on аа ад адь Jede eei e E а аа ыы 
JUD OON 5 ST. ДИ а АЕ Mort en АЖ ^ ій ۳ 4 23 (ue SURE ку "1 ы ИЛ 3 ті ته‎ iid ФУ Қ а Ууц ДАЙ Но ты ЕА Даан اا‎ Fd leoi ed рер 
с б е?т ‹ ۹ ء ۸ ء‎ ۷ re алі Ха E ПАЛЖАААДУ те > Lo GL Ы 9 чу ре od 
ПЛ НИ Р ЕДИ АА АКО EU HILL RS К А Л КЛАН AO قو رت دوا لو شد اق مته نما‎ АИ И 
Г: р б . ғ, PT n ۸ е 7% т etu ee XS "PE ALPEN һ ыл в 
1 Г EN к in. А А0 LUN y п од 2 - DL 0 e ^ «م٣‎ цари И ти Сууж CH NI “іч A od y А: АКО б АЎ TE АЛАТА ЖАУЫНА ен И Aen yea raoran ya Y 
» КЕТТЕР i а ыс : teens АРА پو لا‎ UE Wn paier И суд neg fel A ٢ d www e tt ау 
А ЛА эн” "raid AE. A E» үз n 0 П E ae DEC (7: 1 ААА КАЖА: d tn - 43) i DO ++ GR И А O RRA ный; А. HP deer rideo dao ос давно о 
а оо егег ТЕУ رس کش‎ г АТАТ; و‎ Маа ч тг, وې‎ VO Ene ne Ale ПАСА ААА До 
IRL. ILE UL ае 7 {#7 7. тоа: мор Pr Pt г یلو کر راز اسا راوه‎ LIDS па а ak A aae ecd ды 
y | a . هوه دو‎ Е " ei? Г 4 тука " Tu 24. ост Fj ААА а ونت ایب ربا ېبول راهم هاس‎ 
я à TN S Ff гү (4,522 2 4 
E E КА s esi: ٨. з сяр у AT i : | Жк Ээ БАЙ Дд, мараў е а КАТЕ کرت کا ار اک و يه وا‎ Ж, ТОШ ХАЙДУ 
ығ» 200 ЬШ . с "t T NP 1 E Р ore ЧЕ d. au LA a] , 
M: ~ 47, . 7 бо ‚Р "did ря 2 т т LA қ ЁС ка UT NS Зургаа, UU Ks ра аи Lut 1 P ant uas: mnt رای‎ ТА ولاس و‎ o 
Ч 4 1 Ч d 1$. А А PY ЖҰМЫ ЫЙ л 
5 1 1٠ гэн اما‎ , у Й ЧИ او‎ p ` 8 4 : ې‎ 4 s De i» ят M m г corr М ұлы г CON 3 ار‎ Ал i 2 ПРЕКИ Гад РОА, О ИЕ 
к 7 ТА А PPPA I ў Я HET Pp ХАЙ E ee te? қаса ДА n» 5 арт a 
А M САЎ нь. ЈЕО 4, کد سوه ال سل‎ зи. i n ^UI | Жү : Я Ж ارا یل لر‎ МА АЛЛ АЛАД ن سل‎ КШ Дане 
0 M umore wis A ЕЖ : пу HUE ET SS با‎ Ка раў ча red ار له در له رال اف کار ېا‎ А Ду ال سا‎ tt اوق‎ А 
УЖ о ро И I ААА Ее. 2: мас Кы د‎ ОА КУ К А se را‎ E 0 Аа АА, уа b b lC E Cn а Оа. y 
4 А ' ‘ ТАГ э ле р ЗЕ; : “БНН нь) Ч 2 
an З 0 m ре кы ы А, ريو وا د‎ NBC 0 WA Ус ولو‎ т И " "тт TS E^ cor УД; n. y КИН, С ПИ ВРЕЊА 
لا‎ D . га го v^ FA + 4%. «гот - ү ў A “0 ДЫ 4 
ПИ Ив ИРАКОМ ИК ДОС T E E EIE A БЫ наор ES LALITA AE مت و پک ههپ‎ RUE 
ду AD 2 44” : ГІ; goers ee о i 1 د‎ 5 г A ; : 
: ILLE ХҮ? асва там РРО НМ й TAN DUM ц“ ЈЕ СА ia M ipd PIA Pon т у ў : ГААТ ДАСЫНА АРЫН quera lb i ЗА bec рыр лыс А 
А tt ЈЕ P MN 1 ЛЖ: "ur wn 1 پوچ«‎ 2 2 J роя R Mun "E "n Dry ПОС ЕТТИ УУ ПРЕДАЛИ КВИН АИК Î يلا د لمرد تا‎ 5 ГАК. 44 Жаста liec SUELE فو لو ليپ د‎ та 
DUM ОК У ТИ у ? з 68 446. «кри 8 М | ДЖ АТАҒЫ ЖАРЫН А rd inea d E ОС А ААИ Se A na 2.4444; За 
Фі tł s т ма эээ r ний", "ҮГ МЛ 350 ال لن کا د دک ال الک و‎ НГ "ox АИ И 4 А ان‎ t бум yy bns М ғ 
" Й K | ELEC seris тн 4 як ty «+ г И РК ан, xn е бжа О Маи ЊЕ DIG Seni d BUT الله لپ دل‎ А оаза КАД А, б 
Ai т ire ДОН "uoa p ч TTA) "і. СЕ УИЧ eb КҮ КҮ Меч Ку Нм ELA BL ИЗ 5. وه وگ‎ (НО 
7 Мад АЙ mop РР UN aS AEG : ران سوا‎ ^ SO e Pa ч М ونو کي‎ чечер гасе р хээний а АДА „А tr 
A ECS р г Ий ТУУГА الله هرد‎ ДА АА А Дан Х А АЕ О АДА ДАЛА ЛАДА TR LY PT EEE OR Жы 
J "i ут Фу Фо усь ТЕ КА ае وا رز‎ án y n» e dia d: МАСА амо лим У ОДЕМ а АНАЛ НЫ 0٩ 
Айлы ли LE а Н Vice yy a net C en Lr ELA C boa REA اه رر رن‎ ROL, هسل خا ره‎ e 
тт? ч 49, АДА. yard ВО ТАКАЯ А а راو و‎ КА На ТЕКЕ А) TI Ser eRe А ایا شي‎ wr pe D 
مو ې- زې‎ і , r ЭР ж. кі E л p An 15 211) ерт my q^. рЫ ЕСО ТИСУ НЫ СЛЕДА ДА АДА фо ~ бе Алу! 
T P Ч є 0 ښک‎ ОР 7 Я ٩ D à 
S e 5,4. Py т} 2) чей لل‎ 1 ‘err reer! ї к аха a МАСА 77 wig тен ИН CES SA 


tur 
Б "m 2% тг: АУ 4 له و ۸ل یه ند د د سا‎ ES 
А р A A : ٩ 
, 4 edu V p Ада р "in neat А АЛЬ жа ы te ek A ALORS Wenge АДА 





+ S 
E 
4 
4 
м 
4 
EE] 
j 
3 
т 
a 
ت‎ 
3 
* 
+ 


А ae Шайж га АВ ади 7٩ gf 
і. A Ял + ۲ D гае Ха Оба ra Ra a ut 
4: ітертетте سېا کې وه‎ Lou LED Mer AT 
А کل دود را‎ ДЕ Pea ТАДЫ rad ns 





En LULA ur VIR VEN! АДЫ ыыы оу 








































NAVAL POSTGRAD SCHOOL, 
NTEREY, CALIFORNIA 95945 




















NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





DEDNO 


THE USE OF AUSTENITIC STAINLESS STEEL 
VERSUS MONEL (Ni-Cu) ALLOY 
IN PRESSURIZED GASEOUS OXYGEN (GOX) 
LIFE SUPPORT SYSTEMS 


by 


Bert Marsh 
March 1985 


Thesis Advisor: T.R. McNelley 





Approved for public release; distribution is unlimited. 


T223140 





SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


۱. REPORT NUMBER 2. GOVT ACCESSION МО. 3. RECIPIENT'S CATALOG NUMBER 


4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOO COVEREO 
The Use of Austenitic Stainless Steel Master si ihesi; 
Versus Monel (Ni-Cu) Alloy in Pressurized| March 1985 
Gaseous Oxygen (GOX) Life Support 6. PERFORMING ORG. REPORT NUMBER 


Systems 
7. AUTHOR(S) 




















8. CONTRACT OR GRANT NUMBER(8) 


Бел Marsh 


10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 


9. PERFORMING ORGANIZATION NAME ANO AOORESS 


Naval Postgraduate School 
Monterey, California 93943 








11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT OATE 
E 
Naval Postgraduate School ИЕ 55 
Monterey, California 93943 3 кра ar 
4. MONITORING AGENCY NAME & AODORESS(/f ditferent from Controlling Office) کے کک اتر ت اک ا پر کے ر یں‎ уе Р ТД РЕНО 
Unclassified 
ISe. DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16. OISTRISUTION STATEMENT (of this Report) 


Mepiovea for public release; distribution is unlimited. 


17. OISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report) 


18. SUPPLEMENTARY NOTES 





19. KEY WORDS (‘Continue on reverse side lf necessary and identify by block number) 


Gaseous Oxygen (GOX), Life Support Systems, Monel, 
Austenitic Stainless Steel, Carbon Steel, Flame Propagation 


Rates 


20. ABSTRACT (Continue on reverse side if necesaary and identify by block number) 


Gaseous oxygen (GOX) must be stored at pressures up to 
24 MPa (3500 psi) to provide the flow rates required to 
support the metabolic needs of a diver. А review of the 
literature concerned with materials compatibility in 
pressurized oxygen systems was conducted, with emphasis on 
metallic structural materials. Review of experimental and 
theoretical work on combustion of austenitic stainless steels 


- | 
DD РОМ, 1473 EDITION OF 1 NOV 65 IS OBSOLETE Т 


JAN 73 
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


and nickel-copper alloys revealed a consensus that Monel 
nominal (63% Ni - 34% Cu) is preferred in high pressure 
oxygen systems, when its strength and weight are acceptable. 
At the intermediate pressures, 0.7 to 10.3 MPa (100 to 1500 
psi), the relative safety of stainless steel as a structural 
material is unclear. The testing methods reviewed were 
friction rubbing, particle impact, fresh metal exposure to 
heated flowing GOX, promoted ignition and resonance. An 
experimental apparatus was used to simulate the conditions 

of GOX flow found in an operational diving set and to compare 
the flame propagation rates for austenitic stainless steel 
(AISI 316), Monel (63% Ni - 34% Cu) and carbon steel 
(AMS 5050) tubing in this environment. 





Ww. 


5 N 0102- LF- 014- 6601 
2 


е 


i ect е” СУЕ СУ ан а зли‏ ڪڪ 
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)‏ 


Approved for public release; distribution is unlimited. 


The Use of Austenitic Stainless Steel Versus Monel (Ni-Cu) 
Alloy in Pressurized Gaseous Oxygen (GOX) Life Support 
Systems 


by 


Bert Marsh 
Lieutenant Commander, United States Navy 
B.S., Oregon State University, 1974 
M.S., Oregon State University, 1975 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN MECHANICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 


March 1985 


ABSTRACT 


Gaseous oxygen (GOX) must be stored at pressures up to 
24 MPa (3500 psi) to АЕ the flow rates required to 
support the metabolic needs of a diver. А review of the 
literature concerned with materials compatibility in pres- 
surized oxygen systems was conducted, with emphasis on 
metallic structural materials. Review of experimental and 
theoretical work on combustion of austenitic stainless steels 
and nickel-copper alloys revealed a consensus that Monel 
nominal (63% Ni - 34% Cu) is preferred in high pressure 
oxygen systems, when its strength and weight are acceptable. 
At the intermediate pressures, 0.7 to 10.3 MPa (100 to 1500 
psi), the relative safety of stainless steel as a structural 
material is unclear. The testing methods reviewed were 
friction rubbing, particle impact, fresh metal exposure to 
heated flowing GOX, promoted ignition and resonance. An 
experimental apparatus was used to simulate the conditions 
of GOX flow found in an operational diving set and to compare 
the flame propagation rates for austenitic stainless steel 
(AISI 316), Monel (63% Ni - 34% Cu) and carbon steel (AMS 50 


tubing in this envivoenmenc- 
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E. 111 СЕТОМ 


A diving system must store and deliver in metered quanti- 
ties varying breathing mixtures to support the metabolic GOX 
requirement that underwater search salvage and construction 
place on a diver. The exact percentage of oxygen in the 
breathing gas mixture is determined by the intended mission 
and environmental conditions of a specific diving task. 
Mixtures range from 3$ oxygen - 97$ helium to 100$ oxygen. 

The respiratory minute volume (the product of the tidal 
volume of the human lung times the number of respirations per 
minute) gives a consumption rate for the oxygen. This rate 
may vary from 0.5 to 4.0 standard liters per minute (SLPM) 
depending on the exertion rate of the diver. When long 
distance swimming or deep ocean work is involved the high 
exertion levels combine with the restricted oxygen storage 
space availability to dictate that pressures in excess of 20.7 
MPa (3000 psi) be used in the storage of oxygen. The higher 
pressure levels allow storage of the required voiumes but 
result in material compatibility problems. Storage vessels, 
piping or tubing for delivery and pressure reduction and 
regulation equipment are required to be constructed of 
materials which are able to support large internal and 
external loads while providing corrosion resistance as well 
as resistance to ignition and combustion in an oxygen 


environment. 
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Catastrophic failures within an oxygen system often 
destroy the system (see Figure 2.1), thus limiting failure 
analysis. The impact of an oxygen system failure is at least 
the loss of oxygen supply to the diver With спе Босс ы 
that a total conflagration will consume the diver, and/or the 
entire system. Such dire consequences and the difficulties 
experienced in determining the cause of an oxygen fire mandate 
careful design of all diving systems. Design criteria must 
inciude strict specification of the materials for the construc- 
tion of the equipment. Only certain nonmetals and metals are 
recognized as being compatible with oxygen service. 

This research was conducted as a review of the open 
literature. Information concerning the сопрасірІТІ 00 0. 
metals with pressurized GOX was critically reviewed. Attempts 
to quantify the relative resistance of specific alloys to 
ignition and combustion were of special interest. The initial 
review revealed a lack of a uniform theory - one which can 
quantitatively cover all metals ignition and combustion pro- 
cesses and successfully rank metals for a variety of applica- 
tions. The experimental evidence is confused and in many 
instances conflicting due ina large part to the myriad of 
testing procedures adopted. Markstein in 1963 [Ref. l]|, found 
a lack of understanding of combustion in bulk metals due to 
a "relatively small research effort" and "certain distinct 
aspects of metal combustion."  Presently, the lack of an 
integrated test procedure is responsible for the conflicting 
results found in the more recent research. 
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Photo Courtesy of NASA White Sands. 


Results of a GOX Fire in a Space Suit. 
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Figure 23. Ie 
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This confusion about and the variance in) The للا د‎ 
of metals and alloys with respect to their талт Еола yT 
combustion succeptibility, has resulted in a tendency to 
conduct specific testing of design configurations аға 
case scenario is devised anda safety factor applied to the 
testing conditions. This approach does not offer a theoreti- 
cal solution which will effectively describe bulk metal 
ignition and combustion; rather it supplies an engineering 
acceptance criterion for one application. 

Currently, the National Aeronautics and Space Administra- 
tion (NASA), the National Bureau of Standards (NBS), the 
Japanese government and industry in addition to many indepen- 
dent researchers are attempting to develop a coherent theory 
of bulk metal ignition and combustion. From the literature 
surveyed, the majority of experimental procedures attempted 
were conducted in static pressure environments. Reports of 
burn rates for flowinc systems are sparse. In this work, an 
experimental apparatus was used to simulate the flow conditions 
found in an operational diving set when ignition from an unknown 
Source opens the interior of tubing carrying GOX under pressure 
to atmospheric pressure. А comparison was conducted of the 
propagation rates for combustion of the tubing in such a 
system for AISI 316 austenitic stainless steel, Monel (63% Ni - 


34% Cu), and AMS 5050 сагро ыса я 
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ПРО ТЕРА ТОК REVIEW 


Early research into metal combustion was spurred by 
attempts to utilize the high level of energy released in the 
rapid oxidation of metals. The flashbulb, with its source 
Of light being the combustion of a metal, was one of the 
first utilizations and was followed by research into the 
combustion of powdered metals as a source of high temperature 
flame. The advent of life support systems and the move to the 
use of propulsion oxidizers in the aerospace industry has 
continued the emphasis on research in the ignition and combus- 
tion processes of metals [Ref. 2]. 

Oxygen systems safety has been studied extensively by the 
U.S. Bureau of Mines since 1923. Abroad guidelines on the use 
of steel pipelines in compressed gas applications including 
oxygen systems were issued by the Reichminister of Industry 
and the Reichminister of Labor in Germany in 1942, which 
demonstrates the long standing concern with oxygen system 
safety [Ref. 3]. 

More recently, the Defence Metals Information Center 
[Ref. 4], the National Aeronautics and Space Administration, 
[Ref. 5], and the Department of Energy [Ref. 6], have 
commissioned extensive literature reviews and sponsored 
additional research into the ignition and combustion of 


metals in oxygen environments. 
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The U.S. Navy has commissioned two recent reviews - one 
by Purcell and Kreidt in 1969, and one by Hersh іп 1974 M 
addition to sponsoring investigations into severa E m ш 
fires, all with a primary доа1і ок деҒіпіпа Еһе сопратірітіту 


of metals with oxygen service. 


A. RANKING OF METAES 

All literature reviews conclude that there is confusion 
as to the ranking of metals with respect to their compatibility 
with oxygen. An example of the confusion is shown in Table I 
which compares the results of earlier (unpublished) work done 
at Linde with the work done by Dean and Thompson [Ref. 8]. 
Note the reversal of the respective position of Aluminum. 
Dean and Thompson rank Aluminum at the top of their list 
(most resistant), while in the promoted ignition tests at 13.8 
MPa (2000 psi) Aluminum was ranked as the least resistant to 
ignition and combusion. МіһагЖ апа 5тісі, іп герогсіпа СЕ 
experimental results (see Table II) have developed their own 
ranking of metals in order of resistance to ignition and 
combustion. 

The difference in ranking of various metals betweengP- cw 
and Thompson's” and Nihart and Smith's test results can be 
attributed to the differences in methods and objectives of 


their respective research. Nihart and Smith were concerned 


1 реап and Thompson do not specifically rank their resus. 
in tabular form but instead present graphical data and draw 
conclusions from the graphs: 
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TABLE I 


Relative Ranking of the Resistance of Metals and Alloys 
To Ignition and Combustion Based on Different Authors and 


Reproduced from Nihart and Smith [Ref. 9] 


Promoted Ignition 
200005" 


**Monel 
**Tnconel 600 
**Monel S 
его торти рове 
**Duranickel 
оо АШРВСО” Аа Oy 
Ne NS 
**Permanickel 
**K—-monel 
*Hastelloy R-235 
Maraging Steel 
Beryllium 
Copper 
******Elgiloy 
сте Ввеше с 41 
**Inconel Х-750 
*Multimet 
*Hastelloy X 
*Haynes 25 
a Ever cus 
18-8 Stainless 
Steel 
Aluminum 


Test Methods; 


Dean and (3) 


Thompson Velocity Impact 
50-800 psi 50-100 psi 
Aluminum **Monel 
Nickel A **K-Monel 
*Hastelloy C ба торба bronze 
**Monel Copper 
*Hastelloy X Steel 
**Inconel X 18-8 stainless 
steel 
*Hastelloy R Aluminum 
веррег 
*Haynes 25 
*Multimet 
18-3 Stainless Steel 
Other Stainless Steel 
Carbon Steel 
Titanium 
TRADEMARKS 


шашы Carbide Corporation, Stellite Division 


Не 


**The International Nickel Company, 


***Anaconda American Brass Company 
****General Electric Company 

E ^"Ampco Metal, Inc. 

ES Elgin National Watch Company 
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ТАВ ЕНИ ٢ 


Results of Nihart and Smith [Ref. 9] Promoted Ignition 
Tests Conducted in a Static 7500 psi Oxygen Environment 


Weight of Neoprene to 
Completely Combust 
Standard Specimen 
5 пп х 30 пп x 0.0058 


Only melts 

Only melts 

48 to 56 mg 

18 to D mg 
11.8 1 п 


13.2 mg 

11١.) EO 16.4 me 
10.5 ٣ 

9 Oum 

7.1. он Tig 


Metal or Alloy 


Gold 

Silver 

Nickel 

Monel alloy 400 


Yellow Brass (partial combustion 


only) 
Inconel alloy 600 
Aluminum 
Copper 


Inconel alloy X~/50 


Stainless Steels 


Estimated from results of a number of tests which were 
either standard with only part of the specimen consumed 
Or were not standard and either complete or partial 


6٩7 313120 аа. 


6 


with the possible ignition ЕЕ storage system that would 
maintain a 51.7 MPa (7500 psi) internal pressure of GOX. 

They considered several testing methods, finally deciding 

ош а вото сест ignition test within a combustion bomb charged 
to a static internal oxygen pressure of 51.7 MPa (7500 psi). 
Dean and Thompson were concerned with a rocket motor combus- 
tion chamber where structural metals would experience extended 
periods of exposure to high temperatures. Their method of 
testing involved resistance heating of different metal tubing 
types in a flowing system, which had various gas mixtures 
flowing over the exterior of the test specimens. A detailed 
analysis of the differences in these results can be found in 
Ref. 7. 

Дитешешеп пасалсе ос спе Variation in the ranking of 
metals within these two research efforts is simply that the 
method of testing was decided upon with a specific configura- 
tion in mind. An inherent problem in much of the reported 
work is the tendency to conduct tests which will quantify 
compatibility of specific metals for an intended application, 
which often precludes comparison of results. 

An additional contributing problem with research into 
metals compatioility with oxygen is the tendency for 
pusspraretary rights to discourage open publication of 


commercially-backed research. 
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The chemical kinetics and the mode of heat transfer of 
the rapid oxidation products are dependent on the method Dy 
which energy is added to the system. The experimental 
procedures used in studying metal ignition reflect the 
variety, and individual investigators evaluation of the 
Significance of a specific ignition source. 1: 15 изешикн 
review results within the appropriate category of ignition 
sources. This associates research which shares the same 
basic assumptions. A listing of the major categories of 
ignition sources considered in this review is given in 
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TABLE IM 


SOURCES OF IGNITION ENERGY 


. Kinetic Energy of Gas or Entrained Particles 
Poteet ion 

Foreign Material/Softgoods Ignition 

. Resistance (Joule) Heating 

Resonance 

Mechanical Impact 


OVI Uw N FF 


Table III is not as comprehensive as that produced ру 
Benz [Ref. 15] and Stolfzfus,* but it does encompass the 
methods chosen by a steering committee that is currently 


directing research into the ignitability of metals in oxygen. 


2 Taole ٢٢ 
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шин гс ВЕ: - СЕОПРЕПІ BY THEIR IGNITION SOURCES 
1. Kinetic Energy of Gas or Entrained Particles 

The early work of Nihart and Smith [Ref. 9] included 
вета OL thempossibility of heating the entrained GOX in a 
system via adiabatic compression of the gas. An example of 
adiabatic compression would be the result of the rapid opening 
of a valve with a large pressure differential between the up- 
stream and downstream sections with the downstream section 
dead-ended. Theoretical calculation of the temperature rise 
that would accompany a very rapid compression is based on the 
assumption that GOX behaves like a perfect gas. Therefore, 
Equation 3.1 should predict the temperature rise of the gas 


in a piping system that experiences a rapid compression. 


1 N-1/ (еап 3.1) 


ід - 277 N 
The temperatures which are theoretically obtainable are 
graphed in Figure 3.1. For a sudden rise in pressure from 
ambient to 48.2 MPa (7000 psi) the temperature predicted 
would be above 1400°C, which is at or above the predicted 
ignition temperatures of several metals when they are exposed 
to pure oxygen at high pressures. Nihart and Smith intended 
to test the ability of adiabatic compression to raise the 
ш-шрегасике ог metals to their ignition points. However, in 
preliminary testing which involved pressurizing a 1.3 m (51 


inch) section of 0.8 cm (5/16 inch) diameter pipe from ambient 


pressure to 45.8 MPa (6650 psi) the maximum temperature 
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Figure 3.1. Theoretical Temperature Attained 
by Adiabatic Compression Taken аге 
[Ref. 9] 


O i 2 | 
attained was 378 C, approximatelv 1/3 of the theoretical 
prediction. The assumption of an adiabatic compression and 
the treatment of oxygen as a perfect gas, which does not 


change its specific heat in rapid compression, wasee NM 
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ЕЕ саволе летаа оспе compressing se with the 
SS tile pipe prior во compression and the changing value 
of the specific heat of oxygen with pressure invalidate the 
assumption of dieseling (rapid adiabatic compression) as a 
source of temperatures in the range that would ignite metals. 
Mu NEemperatures attainable are well within the range which 
would ignite nonmetal components as Nihart and Smith found 
in testing Kel-F81, Viton A and virgin Teflon (all commonly 
found softgoods in oxygen systems). Therefore, dieseling is 
Nor a drrect rgnition hazard to metals but may ignite compo- 
nents of an oxygen system and lead to the rupture of the 
structural metal and possible ignition.  [Ref. 9| 

Most researchers recommendation, that any valve 
Burslled nan oxygen system be "slow acting" is a conscious 
EX precaution that 15 accepted by all military and civilian 
designers and operators of pressurized oxygen systems. It is 
Valid and necessary and should be incorporated into any design 
Manual or operating procedure established by any diving 
Emerority. 

deJessy [Ref. 10] addressed the affect of a change 
Ни роспенспеас Of Oxygen and concluded that dieseling 
ВЕ ТСС ОЕ Ignition of softgoods or contaminates only. 
His research effort then centered on the possible temperature 
НЕК а piping due to particle abrasion or impact. То test 
mie possibility that particle abrasion could produce tempe- 


ratures which could ignite metals deJessey developed an 
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initial trial section which русо панелни 12275 Spiral followed 
by a plexiglass.chamber. Ву injecting саг ОН «те ара шине 
individually (each one 0.8 mm in diameter) and accelerating 
them with the GOX flow their temperature rise could be 
measured by the color they exhibited while passing through 
the plexiglass chamber. At speeds of 300 m/s (1000 ft/s) the 
carbon steel balls where seen to glow red hot. This result 
encouraged the construction of a more elaborate testor ана 
multiple bends, tees, and small radius (2.5 x diameter) curves. 
The testing was all done on carbon steel pipe as the research 
was aimed at determining the maximum flow velocity which would 
be acceptable in long distance GOX pipelines passing from one 
industrial center to another through the French countryside. 
deJessy was only able to ignite carbon steel pipe of diameter 
3.0 cm (1.2 inches) with steel cuttings as the particles in- 
jected. He concluded that there was no direct danger from 
particle abrasion as the normal construction and maintenanese 
of oxygen pipelines should eliminate all contaminates that 
would be capable of ignition themselves or of igniting wee 
steei pipeline. Industrial experience suggested to 18278500 
that care in installation and an inert gas flush prior to the 
first use of the pipeline would render carbon Steel Бро ин 
safe for a velocity up to 60 m/s (180 ft/s), a conservative 
maximum.  [Ref. 10] 

In the middle 1960's German industrial pipelines аа 


built and used under the earlier cited regulations, which 
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restricted the velocity of GOX in carbon steel pipelines to 
8 m/s (26 ft/s). Wegener [Ref. 3] conducted numerous experi- 
ments simulating the introduction of contaminate particles 
into a flowing stream of GOX where restrictions and short 
radius bends would result in heating due to friction and 
impingement. The apparatus utilized by Wegener allowed the 
injection of particles of contaminates into long (40m) trial 
sections via a bypass section which could be isolated and 
loaded with 1-3 kg of the solid contaminate. This experiment 
was conducted using mass introduction of contaminate vice the 
сие particle injection technique. Control of the inlet 
pressures and the velocity of the GOX at the inlet allowed 
repeated trials with a variety of contaminates that varied 
from nonorganic sand to coke and stone coal. The results of 
Wegener's work can be seen in Figures 3.2 and 3.3. 

The inorganic solids were safe at pressures up to 28 
В: 412 psi) and a velocity of 53 m/s (174 ft/s). With 
welding cinder and coke, ignition of the entrained particles 
Beeurred at a velocity as low as 13 m/s (42.9 ft/s). This 
result stresses the importance of flushing an installation of 
Meee With inert gas prior to placing it into service. 

Wegener was unable to predict precisely the energy 
input into the system as turbulent flow and mass injection 
of the contaminate precluded the direct calculation of the 
kinetic energy of each particle. The measurement of the 


energy input which produces an ignition is critical in the 
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development of a theoretical solution поени о particle 
injection may simulate possible conditions in an operating 
Systems but it does not lend itself to a theoretical treatment 
of bulk metal ignition. 

Heinicke recorded similar results to those of Wegener 
[Ref. ll], utilizing curved test sections. He observyeduae 
reaction from inorganic contaminates but spark and fire pro- 
duction in powdered iron and mill cinder test (see Figure 
Sd Би 

Heinicke defines tribomechanical stress as producing 
a state of lattice distortion which allows rapid oxidation 
and an "ensemble effect", which in turn produces temperatures 
capable of igniting steel pipe. This result is based on 
earlier work by Heinicke [Ref. i2] where Пе reports a change 
in the activation energy of iron in oxidation by oxygen from 
0.16 Kcal/mol when a tribochemical reaction was present versus 
the standard value of 13 Kcal/mol under normal nonfrictionally 
stressed conditions. [Ref. 11] 

As a result of his investigations Heinicke recommended 
that an inert gas flush may not be complete enough when a GOX 
production facility is started up for the first ime TCs 
the combination of an inert gas flush followed by a mixture 


of 10% oxygen and an inert gas should be used. 


ЕЕЕ experienced several blowouts/fires which always 
occurred after an elbow but he did not see combustion 
progressing in the opposite direction ٢ لل‎ со 
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Bates and Monroe et. al. [Ref. 6] at the Southern 
Research Institute were commissioned by the Department of 
Energy to study the feasibility of and the material COM as 
bility problems involved in producing compressors for high 
BTU gas production from coal. This process requires large 
volumes of GOX at 68 to 102 atm (1000 to 1500 psig) ال ارا‎ 
in this context can mean 28 to 57 standard cubic meters per 
second (SCMS) (60,000 to 120,00) SCFM). The internal condi- 
tions expected within such a compressor were estimated at the 
extreme to be 68 atm (1000 psig) with GOX at 149-260°C 
(300-500°F) and a gas velocity cf MACE 0.7 to 0.8. 

One test conducted was a single particle impact test 
using 0.016 cm (0.04 inch) diameter silicon beads as the 
projectiles. Individual particles travelling at 427 m/s 
(1400 fps) in GOX with an internal pressure of 68 atm (1000 
psig) striking gauge/notched specimens with 0.03/0.024 cm 
(0.08/0.06 inch) diameters, which were preheated to tempera- 
CS (1550°F), were used to test the materials 


listed in Table IV. With one exception, a single sample of 


TABLE IV 


List of Materials Tested for Impact Sensitivity 


Carbon Steel AISI 1025 
AISI 4140 

Ductile Iron 

304 Stainless Steel 
17-4 PH Stainless Steel 
410 Stainless Steel 
Lead Babbit 

Тап Барі а 

Inconel 718 

Aluminum 1100 


CO «XO CO O UB UY N Р”? 


H= 
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AISI 4140 steel, all the results were negative (no ignitions). 
The single exception was with a sample of 4140 steel which 
was preheated to 638°С (1180°Е); however, Bates and Monroe 
were unable to duplicate this result [Ref. 6]. 

Testing of various geometries such as thin wire, 
tubing, or samples shaped in the form of a notched tensile 
test sample, has been conducted in varying pressures of 
heated gas in both static and flowing conditions. The 
results of these tests are inconclusive. The build-up of 
an oxide layer which (in most structural metals used in GOX 
compressor construction) is responsible for an increase in 
the ignition temperature of the metal means that flow of GOX 
over a metallic surface may increase its safety by raising 
its ignition temperature. However, should the protective 
oxide layer be disturbed by penetration, cracking or spalling 
its protective capability will vanish, in fact with the flow 
of oxygen rapid oxidation is promoted on such a fresh surface. 
This reversal of the nature of the oxide layer lead Bates and 
Monroe to test specimens of commonly used metals ina flowing 
GOX system under fresh exposure conditions. A schematic 
Grawing of the test apparatus can be seen in Figure 3.5. 

Bates' and Monroe's testing procedure was based on 
the assumption that within an oxygen compressor exposure of 
fresh surface to GOX at elevated temperatures and velocities 
up to Mach 0.85 presents a serious ignition hazard. From 


Figure 3.5 the design of the test cell shows that a torsional 
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Figure 3.5. Schematic Sectional View of Nigh ране ен 
Oxygen Test Cell. Taken from [Ref. 6] 


stress applied by rotating the grips would break and expose 

the specimen to the preset temperature, pressure and velocities 
of flowing GOX. In addition the power supply of electrTenm 
current through the test specimen allowed resistance heating 

of the specimen. Their test matrix was extensive including 

all the alloys of Table IV while varying the СОХ temperature, 
the specimen temperature and the gauge size of the specimens. 
All of the specimens were freshly exposed by a break due to 
torsional stress. Results for AISI 304 Stainless Steel are 
comparable to those of Monel 400 as can be seen in Tables V 
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The Monel ignited in several tests with the specimen 
peratures at Of below 538°C (1000°F) for several gauge 
Res іп fact, Table VI records ignitions of Monel 400 at 
specimen temperatures as low as 260°C (5009ғ), while Table V 
shows no ignition of AISI 304 with any specimen temperature 
below 538°c (1000°F) *. 

To assume that AISI 304 is superior based on these 
ЕЙ s 15 іпаррторгтасе ав сие importance of the labels igni- 
ШЕП and quench and ignition and burn is not clearly defined 
in the table legends but the difference is significant in Bates 
and Monroe's opinion. By extensive testing of AISI 304 as 
shown in their results (see Figure 3.6), Bates and Monroe 
develop an envelope of safe operations which would encompass 
a GOX compression process. Within the parameters that describe 
the compression of GOX from ambient pressure to 68 ATM (1500 
psig) a margin of safety for AISI 304 can be found”. For AISI 
304 the safety margin at 2.6 MPa (385 psi) was 260°C (500°F) 
at 5.2 мра (750 psi) the safety margin was 149°C (300°F) and 


ESSO MPa (1000 psi) it was 01 7د‎ In comparison 


‘the Oxygen parameters, internal pressure and velocity 
of the GOX are identical in Tables V and VI. 


?Bates defines the safety margin as "the difference 
Meeveen the nominal compressor operating temperature and the 
temperature above which a given material will burn after 
ignition in an oxygen atmosphere at the stage pressure". 
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4 iGNITION, N^ BURN 


Spec 
Terms 





Prqure- 3955 ffects of Pressure, Temperature, and 
Fresh Mean Exposure on Burning о: 304 
Stainless Steel. Specimen size: 12054 
1.52 mm (0.080/0 2 Жэ. 
Taken from [Ref. 6] 


Bates and Monroe were unable to ignite and burn Monel 400 
which places its safety margin in excess of 53898 )1000 И 

In more recent research NASA White Sands Test Facility 
(WSTF) tested a Flow Control Valve (FCV) for the Space Shuttle's 
main propulsion system. The FCV were identified as being at 
high risk due to several factors: repetitive exposures; the 
Aluminum construction of the external oxygen tank; poor сЕ 


tion (large size 800 micron filters); and high flow ras 


Spates and Monroe were concerned with the possible 
ignition by electrical spark acrossed the broken specimen, 
however, they were unable to quantify its effect оп ары 


ES The PCVOshown schematically as Figure 3.7 has two flow 
eee, опе through a bypass orifice for continuous flow and 

a second flow path controlled by a solenoid-operated poppet 
Eme provides a controlled flow. From this configuration it 
was determined that both subsonic and sonic velocities of GOX 
could entrain particles and impact valve body surfaces, thus 
testing was done in three configurations. A high velocity 
EourIcuration simulating conditions at the bypass and control 
Mice, a low velocity configuration simulating subsonic 
Semaitions and an impact tube design which simulated the 
conditions found in a 30-degree angle outlet from the bypass 
вре FCV mto the outlet tube, were all constructed. 


[Ref. 13] 
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Initial testing of the FCV shown in Figure 3.8 and 
Figure 3.9 resulted in ignition and combustion of бе foe 
Single 800 micron particles were inserted while the test 
article temperature was maintained at 204-277°C (400-530°F) 
and the internal line pressure was maintained at 28-35 MPa 
(4000-5000 psi). Up to the 12th particle no reaction occurred 
but upon injection of the 13th particle the result was a total 
failure at the FCV. Porter et. al. [Ref. 13] then Сов Еее 
to test alternative metals utilizing the high and low velocity 
test configurations with 1 mg samples of 150 microm siz. 
particles of 2024 Aluminum and Inconel 718 in addition to 
individual 800 micron 2219 Aluminum particles as the projectiles. 
Monel proved superior as Porter was unable to ignite Monel, but 
was able to ignite AISI 304L CRES with 800 micron 2219 А шиш 
particles in the high velocity test appratus (see Figure 3.10). 

2. Priction 

Tribology has been studied as a method of ignition for 
centuries and has been the subject of numerous investigations 
into metals compatibility with GOX. In more recent wer. 
experimental results and theoretical prediction have been 
compared. 

Jenny and Wyssmann |Ref. 14] conducted friction 
rubbing experiments with the intent of ranking materials for 
GOX compressor applications. They were specifically concerned 
with GGG 40 (ASTM A 536), nodular cast iron,x20Crl3 (Ат ГЕН 


stainless steel, CuSnl0 Tin Bronze and Monel K500 )6 385 NI1 U0 CT 
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Within their test arrangement (see Figure 3.11) axial thrust 
force could be varied from 300 to 2100 Newtons (N) and the 
flow of gas through and around the interface could be changed 
from Nitrogen to GOX at the a constant flow rate of 0.01 n EM 
Jenny and Wyssmann reported no significant difference in their 
results at 6,000 RPM or 12,000 RPM which lead them to maintain 
a constant 8520 RPM or an average sliding velocity of 3.8 m/s. 

Utilizing Equation 3.2 as a model for the energy input 
by oxidation per unit area and Equation 3.3 to represent the 
frictional energy input, while describing the temperature 
field in the specimen by Equation 3.4, Jenny and Wyssmann were 
able to determine the oxidation energy through performing 


"practically identical” tests with 11171 | gas and GOXS 


2) 


٩ = HA exp (-E/RT) (eqn 3.2 
Оо. TOW rS (eqn 3.3) 
ФТ/отг Ат (еап 3.4) 
H = Heat of reaction of metal and oxide 
Е = Activation energy of metal 
А = Rate factor dependent on rate controlling process 
R = Universal gas constant 
T = Temperature (Kelvin) 
а = Energy rate per unit surface area 
Oe DC ате 
и(Т) = Coefficient of friction, function ОЕ Бешресат а 


L = Axial force in Newtons 
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Беше 3.111. Schematic of Jenny and Wyssmann's Test 


Apparatus for Ignition Tests. 


L - Axial Load, S - Rotating Specimen, 
Sm Stationary Specimen, Та = Torque 
Strain Gage Balance, and T - Temperature 
Measurement with Pyrometer. Taken from 
(Ref. 14] 


Average sliding velocity (m/s) 
оте и пази су 
Lapiace operator 


Temperature of interface between S, and S 
га 5 
(Kelvin) 


Temperature ambient (Kelvin) 
Heat transfer coefficient 
Em 5517 17 

Stefan-Boltzmann constant 


Temperature at equilibrium (Kelvin) 
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Equation 3.5 determines the oxidation energy by SUDE 
the frictional energy input in GOX from the لل‎ ЕВЕ и 
developed in the inert (N5) gas configuration. The assump- 
tions required to develop Equats3on 3.5 аге Берова Пана 
dimensional model is assumed using partly cylindrical and 
partly spherical coordinates, while the radiative and con- 
vective heat losses are assumed to be defined as Equations 


3.6 and 3.7 with A, 0, апа Ес assumed ас сое 





о (T) =0 ТЕ О (eqn 3.5) 
OX 127 als Е, 2 ig Е БАР 
B NES 
пад 2 € (T - ٣ ) (еап 3.6) 
а zs (T-T.) (есп 370 


After a time interval of approximately 20 seconds the test 
results become quasi stationary (see Figure 3.12) at which 
point Jenny and Wyssmann assume a steady state condition 
inferring the functional dependence of v (coefficient of 
friction). They assume values for A and E beforehand and 
fit the value of 2216 the Arrenhius equation to obtain 
a curve of energy rate versus temperature of the interface. 
Combining the results of all their testing Jcr 
Wyssmann [Ref. 14] produce a graphical ranking of the materials 
tested (see Figure 3.13) which shows Monel K500 to be superior 
to 410 SS, Cast Iron and TIn ECOD CE 


As a result of fires associated with metal ignitions 


NASA began a program in the fall of 1981, which was designed 
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Figure 3.12. Temperature and Friction Power Records 
From Oxygen Tests (05) with GGG 40 (5,) 
311 0c Es (5) 


[Taken from Ref. 14] 


to develop and test methods of ranking metals for service 

in GOX systems. A steering committee comprised of repre- 
sentatives from NASA WSTF, NASA Kennedy Space Center (KSC), 

wer oducts and Chemicals Inc., The Jet Propulsion Laboratory, 
Rockwell-Downey, BOC Technical Center, Union Carbide Linde 
Division, NASA Johnson Space Center (JSC), and Aeroiet Liquid 
Rocket Company met to determine what alloys should be ranked 


and by what test method the ranking should be accomplished. 


[Bef. 15]. 


45 


Fifteen alloys were chosen for evaluation based on 


their current use in GOX systems, they were: 


316 Stainless Steel Ti-6Al-4V 

304 Stainless Steel Nickel 200 

Monel 400 Copper UE 

Aluminum 6061-T6 1015 Carbon Steel 
Inconel 600 Hastelloy X 

Тпсопей 715 440C Stainless Steel 
17-4 PH Stainless Steel Invar 36 


Brass 360 


1 500 


(М) 
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Figure 3.13. Ranking of Tested Materials with Respect 


to Ignition in 0 7108 
Taken from Iker mE] 
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The test methods are listed in Figure 3.14. 
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Figure 3.14. WSTF Test Method Rating. 
Taken [rom Pef. 15 | 

Euch is a copy of the Balloting form used to survey the 
steering group. The results of the survey are included as 
Table VII. The survey rated testing methods based on the 
expected occurrence of a mode of ignition in a real system, 
the actual occurrence of GOX fires due to the ignition mode 
we nosed, and the capability of producing a test configura- 
tion with repeatable and controllable parameters. Аз seen in 
EUG VII the first choice was a friction rubbing test method. 
Therefore, NASA WSTF constructed a test mechanism (see 
Figure 3.15) which as seen in its exploded view Figure 3.16 
has the capability to measure and control several parameters 


simultaneously. The surface temperature of the test specimens 


47 


TABLE ЕТ 


Survey Results Taken from [Ref. 15] 


ee eee ee 


FRICTION/ RUBBING 1) 11 7 SI | 

PROMOTED IGNITION E321 3 —€—— P OM 
PARTICLE IMPACT هه‎ 10.0 EZECICTYISEDETIRIXIIXGIZM 

EXTRUSION 6.5 ooo | пи 
ELECTRICAL ARC/SPARK :ز ها‎  عیصحمسس‎ тагш 


MECHANICAL IMPACT та: | eres | 


FURNACE HEATING М з). о) БЕШЕ | O 
LASER HEATING PA 33.¢ Coe |___- | 


RESISTANCE HEATING L4 22.1! تت ےک‎ 








[NOUCTION HEATIMG За з; г Бас 
AOTABATIC COMPRESSION Бай р 2 вана ---1 БЕНЕН 
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Results of the test method selection survey. Does not include cost. 


was measured by thermocouples and two-color pyrometers 
while the speed of rotation and the axial loading were 
varied independently. 

The initial data obtained from the Їїї1сЕ 10П ша ши 
test method is presented in Table VIII, Monel 400 is superior 
to 316 SS in its resistance to ignition from йг но 
effects as demonstrated by the increased PV (Pressure X 
Velocity) product required to ignite Monel 400.  Noted in 


[Ref. 15] was a result in the friction rubbing test where 
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1015 carbon steel 316 SS and Monel 400 increases in the amount 
of PV product required to ignite the individual test articles 
with an increase in the internal pressure of the reaction 
chamber for pressures above 3.4 MPa (500 psi). This result 
is contradictory to the relationship established by Kirchfeld 
[Ref. 17] were the reaction rate of metals increased with 
increasing pressure of GOX. This should lead to a decrease 
in the required PV product in friction rubbing tests with 
increases in the chamber pressure. A full explanation of 
this result can only come with further testing. 
3. Foreign Materials/Softgood Ignition 

Nihart and Smith [Ref. 9] as noted in the Ranking of 
Metals section conducted promoted ignition tests with the 
results as listed in Table II. Their ranking placed Monel 
superior to austenitic stainless steel as the amount of 
neoprene ignitor was doubled for Monel 400. This method of 
ranking metals simulates the ignition of a foreign substance 
within a GOX system which may then produce enough heat to 
lignite the metals comprising the system. This has been the 
suspected source of ignition in many actual GOX fires but 
often specific accidents involve litigation and are not 
easily cited. Civilian diving contractors have circulum 
safety messages which describe the improper installation of 
a valve that is not cleaned for GOX service into a diving 
system. The resulting fire could not be attributed ЕО 


use of the wrong construction material but rather to a human 
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error in a maintenance procedure. Therefore, promoted 
ignition should be considered a viable testing and ranking 
method. 

Kirchfeld [Ref. 16] worked throughout the 1960's using 
promoted ignition of test articles of wire of varying diame- 
ters, with sponge iron or aluminum powder pills and nickelline 
Mentors. His initially studies were in a l ATM chamber but he 
progressed to a chamber capable of maintaining а 200 АТМ (2940 
psi) internal GOX pressure. Testing individual light and 
heavy metals such as aluminum and iron respectively, he as- 
cribed reaction types based on the velocities of propagation/ 
reaction rates and observation of physical characteristics 
of the combustion. For iron Kirchfeld found what he termed 
a heterogenous reaction between the GOX and liquid oxide 
Ве which formed on the surface of the reacting wire. The 
propagation velocity of iron was relatively slower than that 
for light metals such as aluminum, which combust in a homo- 
geneous (vaporization) reaction. This relative reaction 
rate was consistent for both low 1 ATM pressures and higher 
200 ATM pressures. Kirchfeld did find a transition from a 
heterogenous reaction to a homogenous reaction (combustion 
of evaporated gaseous iron in GOX) for lmm diameter iron wire 
exposed to GOX pressures above 64 ATM. For pure metals 
Kirchfeld {Ref. 17] found the reaction rate of iron increased 
proportional to the square root of the GOX pressure and ex- 


mitted thé transition just described. The transition was 
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assumed to be related to the presence of higher oxides, for 
example, Ее 0, in iron combustion. The absence of higher 
oxides in the case of Nickel is postulated to be the reason 
that Kirchfeld was unable to combust Nickel wires in GOX 
atmospheres up to 200 ATM. This result demonstrates when 
combined with the fact that high alloy chrome nickel steels 
combust rapidly in GOX that simple addition of the heats of 
oxidation of the alloying agents will not predict the com- 
bustibility of a metallic alloy. 

In more recent research conducted at Air Products and 
Chemicals, Slusser and Miller [Ref. 18] specifically tested 
Monel 400, AISI 304 S.S., carbon steel and gray cast iron 
in flowing GOX.  Slusser and Miller considered the extent 
of combustion as being represented by the area consumed as 
a percentage of the area exposed. Based on this criterion 
Monel 400 and AISI 304 S.S. performed well (less than 4$ of 
the area consumed) as compared to carbon steel. They repor- 
ted "Type 304 stainless steel was also considerably superior 
to carbon steel and only slightly poorer than Monel 400". 
This difference between carbon steel and stainless steel 
(AISI 304) lead them to question Figure 3.17, which is a 
copy of a figure presented in the Compressed Gas Association 
pamphlet G-4.4, titled "Industrial Practises for Gaseous 
Oxygen Transmission and Distribution Piping Systems". Slusser 
and Miller question the all inclusive nature of the velocity 


versus pressure curve as it is presented in the CGA pamphlet 
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Figure 3.17. CGA Curve of Vel/Pressure 
Taken from {Refs 18] 


because it lumps both carbon steel and stainless steel; their 
Exuresults contradict this curve's premise. They are pre- 
sently continuing this research and may present their finds 
peewee ASTM symposium in April of парна 

NASA is also currently conducting promoted ignition 
tests of the 15 materials listed earlier. The review of this 
testing noted a tendency for the test to become a propagation 
mate study when additional promoter is added to a material to 
cause ignition. This addition of material not only increases 


p cnergyoimput f£rom the combustion of the added ignitor but 


Касе phone conversation between author and Joseph 
EEUU cer of Air Products and Chemicals Inc. on 9/28/84. 


DD 


the area exposed to the heating prior to ignition/combus tiM 
of the metal is increased. The final results 157 || ӘРЕ 
are not presently published. 
4. Resistance (Joule) Heating 

Resistive heating of a specimen of pure metal or alloy 
has been used by Reynolds et. al. [Ref. 19] and bean and 
Thompson [Ref. 8] and other investigators in both stateca 0 
dynamic GOX environments. This method is particularly suited 
to the measurement of ignition temperatures of alloys at 
different pressures of GOX. It is most often used with an 
optical pyrometer as the method of measuring the temperature 
at which the specimen ignites. However, in the case were 
dynamic (flow of GOX) conditions can be maintained, the 
results are of greater interest. Research conducted by Deam 
and Thompson and included as Figure l is a good example of 
this technique. This method is less relevant and corres- 
pondingly unlikely as a real source of metal ignition, 
compared to friction rubbing, particle impact 0 ٧٢٢٢ ЕШ 
ignition test methods. 

>. Resonance 

The resonance-tube phenomenon originally described 
in research involving the production of high intensity Seu" 
waves has been proposed by Diehl [Ref. 20] Belles [Ref. 21] 
and Phillips [Ref. 22] as a possible ignition method ИМ 20 
Fires. Research at NASA Lewis has demonstrated that the tee 


union, often used in gas piping systems, can in an appropriate 
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the tee) produce 
Баса ес и 20) 
in excess of 1000°C 


the inlet pressure 


configuration (dead-ending one section of 
resonance. In laboratory simulation (see 
Phillips was able to measure temperatures 


OOF) in the dead-end tee section when 


of GOX was 7.6 MPa (1000 psi). After initially testing empty 


Phillips conducted 


chambers at various stagnation pressures, 


experiments using inert asbestos fibers released into the 


resonance tube. He later tested for ignition by resonance 


Beang aluminum fibers (1.5 mil x i mil) in cross sectional 


area by (0.5-0.7 inches? long. The apparatus as shown in 


and quartz resonance 
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Figure 3.18 included both stainless steel 
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Figure 3.18. Phillips Resonance Tee 


Paken from 
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tubes, with instrumentation composed of pressure transducers 
and thermocouples. His results as shown, in Figure 3.19 
include observations made by high speed photography and 
demonstrate the ignition of aluminum fibers Tm a resonance 
tube. Phillips considers the failure of a component in a 

high pressure GOX system with a concurrent rapid decompression 
of the system to be adequate to establish resonance within the 
piping system. His results demonstrate the short time frame 
required to produce ignition by the resonance phenomenon 

(5-10 s) with aluminum fibers present. He therefore concluded 
that ignition by resonance is possible in real systems 
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an Inlet Stagnation Pressure of 1270 рэза. 
Taken from [Ref. 22] 
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Дине 1 5175 1 епа: 15 noted by Phillips 
ш- пепо е Бес Of Ehe insulative rather than conductive 
Pm@earecteristic Of a Quartz tube. All of the ignitions 
recorded were in quartz resonance tubes. Elevated tempe- 
ratures were recorded in the AISI 304 resonance tubes and in 
one case the quartz tube ignited and in turn ignited the 
stainless steel section of the test apparatus, but no ignition 
of a tube composed of AISI 304 was recorded. 

This method of ignition could be used for further 
testing of propagation rates using an interior promoter with 
a low flame temperature within the range of temperatures 
produced in a resonance tube. 

6. Mechanical Impact 

This test method consists of positioning a foil of a 
test material and impacting it with a known mass falling 
through a known distance which gives a reproducible energy 
of impact. An ignition is recorded based on the presence of 
a flash of light or the emission of a loud sound or evidence 
of burning in the holder or in the remains of the specimen. 
Batch testing using this method for nonmetals has become a 
principle selection criterion for GOX service and the method 
is also used to study and rank compatibility of metals with 
liguid oxygen (LOX). However, as a method for ranking it is 
not considered appropriate as it is difficult to ignite most 
metals with this method and attempts to increase the pressure 


of GOX in the holder have not been successful in providing 
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reproducible results. An extension of the impact method 

which places a contaminate material in the specimen cup was 
used by Ordin [Ref. 23] to compare AISI 304 stainless steel 
and 6061-T6 aluminum. The AISI 304 was nonreactive at the 
maximum range of pressure 34.6 MPa (5000 psi), temperature 


811 K (1000?F) and impact energy levels 252 J/cm? 


(1200 
Pp EE in any contaminate including motor oil, copper 
powder, tool makers dye and cutting oil. The aluminum was 


reactive without contaminates and increased in its Teac Torni 


with contamination by the oiim oro ue oE 
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МЕНТІ THEORY ОЕ BULK METAL IGNITION 


ea a rn postulating a theory of bulk metal 
ignition is reviewed in [Ref. 27] 
The difficulty in quantifying metals ignition parameters, 


(ignition temperature) and в. (@ritical 


such as Т. rue 


gn 
temperature) lie in the extensive number of factors which 

can affect the ignition process.  Bransford and Clark 

[Ref. 26] have produced a table included here as Figure 4.1 
which lists three major categories and numerous dependent and 
independent variables in metal ignition processes. 

Equation 4.1 is driven to the right by free energy 
considerations and is exothermic for all metals at ambient 
temperatures, with the single exception of gold. This point 
of commonality is the only one in ignition of metals, the 
various methods of ignition can be grouped according to 
proposed reaction mechanisms but the groupings are the subject 
of some controversy. Several factors combine to confuse the 
ignition and subsequent combustion of metals, major among 
these are a dependence of ignition upon the preignition 
surface conditions and the formation of solid phase products 


on the surface. [Ref. 28 | 


аме + Б/20, -- Me 0, (eqn 4.1) 


The oxidation of a metal with its subsequent production 


ENMEReSt is labelled by Glassman et. al. |[Ref. 28]in Figure 4.2 
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Material Ргорегсієз" Environgental | —  — configuration E 


atomic weight (m) temperacure history of metal 

molecular weight (mo) pressure state of surface 

therma] conductivity (mmo) oxygen concentration oxide film thickness 5 
thermal diffusivity (mmo) presence of diluent specific surface area (cm^/g) 
heat capacity (mmo) nature of diluent total mass of metal 

heats of solid phase transitions (mt+mo) gas velocity presence of other metals 

heat of fuaion (mmo) Reynolds number (eutectic formation or 

heat of vaporization (mmo) thermite reaction possible) 
heat of formation (mmo) presence of contaminants 
melting point (memo) centrifugal forces 

boiling point (mmo) angle of attack 

ignition temperature (m) heat and mass transfer 

vapor pressure (mmo) coefficients 


viscosity (m*mo) 
surface tension (mmo) 
solubility of oxygen іп metal (m) 
diffusivity of oxygen (mmo) 
diffusivity of metal (mmo) 
emissivity (mmo) 
composition of metal (m) 
| chemical reaction rates (mec) 
equilibrium constants (mo) 
soluhility of oxygen іп reaction products 
solubility of metal in reaction products 
density (Tmo) 
thermal expansion (mmo) 
convective heat transfer coefficients 












“т е“ metal 
то = metal oxide 


Figure 4.1. Factors Effecting Metals cna мення 
Taken from (Rel 25] 


(curve a) as орал In this generalized S-shaped curve 

the output of heat from oxidation of a metal is seen го 
in its functional relationship with the surface temperature 
of the metal Т. 

The possible oxidation rates can include a linear panni 
bolic ог logrithmic section or a combination of ل1‎ ғы 
other modes. Curb b of Figure 4.2 represents the rate of 
heat loss oe of a bulk metal as a function of the surface 
temperature of the metal та again the curve is generalized 
and may include losses due to conduction, radiation and 


convection of a combination of these 1052“ ес | = 


e 


Combining the q and dioss Curves (see Figure 4.2 curve 


chem 


c) a generalized pattern of T can be developed. 


surface 
Figure 4.3 again taken from Glassman et. al. [Ref. 28] 
demonstrates a further point of confusion in the literature 


wach) is centered on the definition of E апа Т 





сүл. 
Glassman defines Det as the condition where at specific 
со the dehen and а terms are equal while ШІ 15 
defined by Equation 4.2. 
ађан VS Te 
د‎ 
її 122 ^ 
5) 3 5 1 
dm 
T, 
Т (one 
2 ۹ ANO . VS ؤا‎ 
q 
Поште 4.2. Curve of Ignition Mechanisms by Glassman. 


Taken from [Ref. 28] 


6 3 


Figure 4.3. Summary 91617 of а ٧ 07 
Taken from [Ref. 28] 


г 


03 од 
“Чсреп/ЗТ = т. = 1088/5 | 
5 Т. ran S Т. 


Е аша сате Еп апа Хог is often not made by 


сев 
researchers in this field which confuses comparison of analy- 
tical treatments and experimental results. 

The graph of Figure 4.3 suggests a smooth ۳٣81۹51٣٤١ لر‎ 
different oxidation rates as well as a smooth curve of heat 
loss, both assumptions require modification for each 1паш ши 


metal. Grouping of metals exhibiting similar discontinuities 


in their dechem terms is often done but it assumes that a 
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E uc resccmonssuchrase melting of the oxide layer, or 
Бог па Of the metals surface is responsible for the breaks 
E c с Another added complication of Figure 4.3 is how 
external heat additions are treated, the various ignition 
methods discussed in the Literature Review chapter are 
examples of heat additions all of which differ in their time 
dependency and in the surface areas they effect. 

A recent attempt at analytically modelling bulk igni- 
tion which correlates experimental results from several test 
methods employed at NASA White Sands was proposed by Yuen in 
[Ref. 13]. The цог input of energy from the metal oxidation 
is assumed to result from a combination of a linear (see 
Equation 4.3) and a parabolic (see Equation 4.4) equation. 
The combined resultant is Equation 4.5 which expresses the 


total mass of metal reacted per unit surface area. This 


assumes that the value of E, equal the 


ам/а+ = Ky (eqn 4.3) 
2 Е. 

dM^/dt - K, (eqn 4.4) 

adt = RU лс (eqn 4.5) 


value of 25 which in turn equals E, and defines reaction 
constants A, for the linear and 25 for the parabolic equations. 
Using the combined metal oxidation equation a general heat 
balance can be modelled as Equation 4.6 with the parameters 


defined as: 
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0 = density 


VAS - the ratio of the effective volume to reacting 
surface area 


C = the specific heat of the metal 
aT/dt = time rate of change of the temperature 
Q = the heat generated/gram of metal reacted 


h(T-T )= пеёай 10552502 50:02 0 
) = heat loss by radiation 


H(t) = heat addition by the test method 


го 


-h(T-T.) -ec (T) -22)- (T-T, ) +H (t) 
р і 


oVCGT/Sdt < О(А ехр(-Е/ВТ)) /1%2МА VA 


(есп 4.6) 


This treatment has the same difficulty that most of the 
theoretical explanations suffer from, that is, its 1131 اا‎ 
to incorporate the changing surface area, as is noted in 
Yuen's discussion; removal of the metal surface and the oxide 


layer is not well explained by this model. 
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IV. EXPERIMENTAL PROCEDURE 


EN DESTMOBJECTIVES 

From the results reported by Wegener [Ref. 3] propaga- 
tion of a flame against the flowing stream of GOX was not 
observed once a breach in the steel pipeline occurred due 
to heating by entrained particle contaminates. However, 
testing of a model for flame propagation in steel cyiinders 
has been attempted by Sato et. al. [Ref. 24]. Utilizing a 
chamber with a preset GOX pressure and high speed photography, 
Sato's analysis defined the controlling parameters in the rate 
of fire spread as the diameter of the test article, the GOX 
pressure and the orientation of the test article. The possible 
Spread of a fire in diving equipment or in the GOX life support 
system assuming an ignition source is present, raises the 
question of the flame propagation characteristics of Monel 
and austenitic stainless steelina flowing system. The most 
relevant testing of propgation of flame in a flowing GOX 
environment is the research of Ivanov and Ul'Yanova [Ref. 25]. 
Their methods provided data on the results of ignition of the 
GOX flow within a closed pipe with a preset internal pressure 
and flow rate. Additional testing by Ivanov and Ul'Yanova 
measured propagation rates in pipe opened to the atmosphere 
with a set inlet pressure. Their study focused on three 


materials, aluminum, stainless steel and carbon steel. Within 
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the translation a correlation of flow rates of GOX to the 
combustion of stainless steel is developed (see page 6 of 
[Ref. 25]). This is a mistranslation, the specimens which 
show a correlation between flow rate and combustion were 


listed in the results as carbon steel. 


B. DIVING ЕБООТРМЕМТ 511 ЛЕШ 

To test the flame propagation characteristics of Monel 
400 and austenitic stainless steel an operational diving set 
the USN Mk 15 Underwater Breathing Apparatus (UBA) was chosen 
as the equipment to simulate (see Figure 5.1 for an overview 


of the equipment). 





Figure 5.1. The USN Nk 15 UBA Full View Without Back соле 
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Flame propagation in the :دت تت‎ е on the Mk 15 would 
reguire the fire to spread upstream in the GOX tubing, which 
is shown in the close-up of the oxygen assembly Figure 5.2. 
The Mk 15 which is based on a commercial diving set utilizes 
AISI 316 stainless steel 3.2x0.9 mm (1/8x.035in) I.D. tubing. 


The pressure regulator on the oxygen supply bottle is set to 





Figure 5.2. Close Up view of the USN Mk 15 UBA Oxygen Assembly. 


Maintain 0.8 MPa (110 psig) above ambient pressure in the 
oxygen assembly. The MK 16 UBA is similar in concept to the 
Mk 15 and utilizes the same type of tubing, but its oxygen 
regulator is set to maintain 2.0 MPa (295 psig). The testing 
of Monel 400 and AISI 316 was conducted at inlet pressures of 


both 0.8 MPa and 2.0 MPa respectively to simulate the breaching 
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of the oxygen assembly of either a Mk 15 or MK Шо си 
determine the extent to which a flame could propagate upstream 
against a GOX flow in these metals. In view of unpublished 
results obtained by NASA White Sands Test Facility an addi- 
tional sample of AMS 5050, a carbon steel 3.2x0.9 mm I.D. 
tubing was included in the test matrix. An initial matrix 

was modified once the inability to ignite AISI 316 and Monel 
400 was found. The modification consisted of attempting to 
find an inlet pressure at which flame propagation in AISI 316 
and Monel 400 could be observed, this proved to be impossible. 
Another modification was devised to determine at what pressure 
the carbon steel tube flame propagation could be quenched by 
the GOX flow. A ramping of the test article inlet pressure 


was programmed into the test sequencer 
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V. EXPERIMENTAL APPARATUS 


e ToT SYSTEM 

The experiment was conducted at the NASA White Sands 
Testing Facility in New Mexico, utilizing the certified GOX 
testing apparatus which can be seen in schematic form in 
Figure 6.1. The system delivers GOX at a controlled inlet 
pressure up to 41.3 MPa (6000 psi) and gas temperature up 
to 300°C (700°F). The COX High Flow test system was modified 
using low pressure transducers as described in Appendix B. 
This modification allowed regulation of the test article 
inlet pressure to within 5 psig during each constant pressure 
run and also allowed ramping of the inlet pressure when it was 
required. Control of the GOX flow was maintained by the micro- 
processor and control network which through feedback from the 
pressure transducers at the inlet and outlet of the pressure 
control valve and the inlet transducer at the entrance to the 
test article opened or closed the pressure control valve as 
required to maintain a constant inlet pressure. 

Ш Data Aeguisitaon 

A digital data acquisition system both controlled 

the time sequencing of events for each test and recorded 
realtime data. The control room panel housed the micro- 
processor, strip chart recorder, monitors, floppy disc drives 


and associated circuitry which allowed totally remote control 


Vol: 


SOURCE 


$30 FT? (15 m?) 
GASEOUS OXYGEN 
STORAGE 6000 PSI 
MAX (23.4 MPO) 





FACILITY ISOLATION 


VALVE 
HIGH SPEED i6 mm 
CAMERA (£ 2000 F/S) PRESSURE CONTRO. 
SUSSYSTEM | = 
| | 
l 
VIOEO CAMERA ы; 
(30 F/S) 


کمک 
са гэ.‏ 
НИ” і‏ 
TEST ARTICLE INLET TEST ARTICLE INLET‏ 
THERMOCZOJPLE PRESSURE TRAKSCUCER‏ 


—IGNITER 


ж 


і 


| | IZ MONEL FIRE STO? 
| TEST ARTICL E ---- лам Т WITH REDUNDANT 


OXYGEN $nUT-OFF 
CONTROL CIRCUITRY 





Figure 6.1. Test System Schematic. 


of each test run. A typical test event is shown in Figure 6.2, 
note the multiple disc drives allowing flexibility in data 
acquisition. Also shown in this photograph is the system of 
position indicators and status lights which allow operator 


analysis and manual over-ride of the test sequence. 


ша 





ае шие гс 2 ОССО ЕТО Коош Panel During Test 243.06. 


Zoe Test sequence 


Figure 6.3 shows the relationship of the spin physics 
high speed video camera to the test article, while Figure 6.4 
shows the relative position of the ignitor a Victor oxyacetelene 
torch just prior to the start of a test sequence. A typical 
sequence for the Monel and AISI 316 constant pressure test 
would proceed with the establishment of the preset inlet 
pressure of GOX to the test article. Normal speed video was 
utilized for both Monel 400 and AISI 316 testing once the 
inability to propagate a flame was established. Video coverage 


and ignitor extension, which placed the tip of the test article 


Да 





Figure 6.3. Overview of Test Site Showing Relationship 
of the High Speed Video to the Test Article. 


at the apex of the inner cone of the oxyacetelene flame, were 
synchronized by the microprocessor which additionally initiated 
data collection from the channels containing the readout of 

the pressure transducers (PT-19, PT-26 and PT-100A), the test 
article inlet thermocouple and the position of the PCV. The 
ignitor was extended and programmed to remain in position for 
15 seconds unless ignition occurred prior to the end of the 

l5 seconds in which case manual over-ride was employed. The 
torch was quenched by securing the flow of oxygen to it though 
the barrel remained extended for the full 15 seconds. This 


capability was used often in the test involving AMS 5050 
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Eure 64. Close Up of Test 243.14 Carbon steel 
TA in Vertical Orientation. 


Ebon steel tubing for ignition occurred rapidly for all 
test of carbon steel at initial inlet pressures below 40 
psig. Once propagation against the flow was established 

in the AMS 5050 tubing sections the high speed video was 
utilized to record the event. This video was then edited 

by the addition of cursor marks and the realtime record which 
would allow accurate propagation rate measurements. The 
flexibility of the carbon steel tubing allowed testing of 

the flame propagation rates in three different orientations; 
horizontal, vertical downward, and vertical upward. From 


the initial intention of defining the flame propagation 


5 


characteristics of Monel and stainless steel, the majority 
of the test articles were either Monel or stainless steel 

which meant that only a limited number of tests were con- 

ducted using AMS 5050 carbon steel. 

Both the Monel 400 and AISI 316 test article were 
cleaned for oxygen service according to the NAVSEA Tech 
Manual specification included as Appendix C. Additionally 
all the test articles including the AMS 5050 were flushed 


with freon prior to installation in the test apparatus. 
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тг СРС ҮЭ 


The results of the experiment are presented in Table IX; 
Бе сопршкек printout of the data, as recorded in each test, 
is enclosed as Appendix A. Data recorded includes the inlet 
pressure of the GOX for each test, along with the propagation 
speed (if propagation occurred) and the volume flow rates as 
calculated in Appendix E. 

The volume flow rate was calculated by recording the time 
required for a given pressure drop to occur in a known flood- 
able volume.  Correcting this flow rate to standard conditions 
апа їп the case of the 110 and 295 psig runs correcting for 
the difference in molecular weights between nitrogen and 
oxygen yielded the flow rates in standard cubic feet per 
minute or standard litres per minute. The propagation rates 
were calculated from the high speed video record. The hori- 


zontal and vertical downward orientations combined gave an 


average propagation rate of 1.85 mm/s (.07 in/s) as compared 
E the vertical upward orientations rate of 2.35 mm/s (.09 
in/s). It appears there is a difference in the flame spread 


rate based on the orientation for AMS 5050 carbon steel 
tubing, also the propagation can be extinguished by increasing 


the pressure. 


17 
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цетпбитахя ап теоталәл 

СЕ/ЕСТ 66" SOR 09-02 dwey ШЇР 0120 0505 5ИУ 

цстпбиатахя ап теоталед 

SI C ^ 980" SOA 09-02 «шэч VI’ CVC 0905 ۷ 

четпбитахя имод теоталол 

СШ СКО GLO’ SOx Gv-07 durey ЕТ * СИС 0505 7 

ап моот огртл цєтпбитахя имоа ۸ 

ЕИ СО peeds ubrH зед бр-0с «цем cU ere 0505 7۷ 

usrnburaxa Теа чо?2тлон 

27 ЕТ/6570 890° SOK су-05 duet МЕ йе 0505 7 

цєтпбитахя Тез чОг2тлон 

Сс“ ЕТ/570 GLO’ SOK ар-02 58 ОТ" Ере 0505 ۷ 

оэртл рээа5 

С ЕВС НО чБтн ом SOX 0: СО ЕРЕ 0505 ЅИМ 

а по сите речєтпбитахя SOK OTT 0 7» 0505 7۷ 

27 ЕТ/670 VN ON 08-0c durey Дора 916 15194 

666 ۱5 VN ON 462 ВО" ЕБЕ 9۲۴ 7 

0۰ VN ON 0 90" ЕРС QTE ISIV 

66 5 WN ON 562 6000 7 тэчой 

с`09/ЕТ` ё VN ON OTT СО" ЕРС течой 

ооо С гт Ээ тэ цог эт ээ ин 
(Wd'IS/WAOS) (з/чт) реллпооо (тэза) 

әдел мотд иотаебедола иотатибт EE td “ОМ 3591, тетлезеи 


сатпсеч тезчештледхя 


ХІ لك‎ 1٧٤٤ بل‎ 


USS CONCLUSIONS 


The major conclusions that may be drawn from the 

literature review and experimental results are as follows: 

1. The literature which attempts to rank metals 
compatibility for GOX service is confused due to 
ен сасвош= = 
a. Individual research efforts consider limited 

(usually a single) ignition source based on a 
specific design configuration. 

b. Proprietary information on testing of materials 
for GOX service is in some cases restricted from 
open publication. 

2. There is no significant difference in flame 
propagation rates between Monel 400 and AISI 316 
stainless steel when they are subjected to 
conditions which simulate the breach of a GOX 
system with internal pressures from .14-2.0 MPa 
(20-295 psig). 

3. There appears to be a significant difference in 
flame propagation rates for AMS 5050 carbon steel 
tubing 3.2 x .89mm (1/8 x .035 inches) between the 
upward vertical and horizontal orientation. The 
upward vertical orientation yields the faster 


propagation е 2.3 MM/S (.09 in/s). 
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Modelling of the ignition and combustion of metals 
is difficult due to the heterogenous nature of the 
combustion and the large number of variables which 


affect the process. 
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RECOMMENDATIONS 


The diving branch of NAVSEA should seek 
representation on the ASTM G-4 committee on 
Compatibility and Sensitivity of Materials in 
Oxygen Enriched Atmospheres. 

NAVSEA should maintain a liaison with NASA White 
Sands Test Facility to remain abreast of their 
recent efforts to develop and evaluate testing 
methods for ranking of metals for GOX service. 
Шпее erend to تنا غو‎ 57703 31661 6 
stainless steel in developing design curves for 
GOX equipment construction is not appropriate. 
From the difference in propagation rates in 
flowing systems it is evident that these metals 


are not equal in their compatibility with GOX. 
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STORAGE 


DISPLAY 





APPENDIX A 


Computer Printout of Experimental Results 


CAL. DUE 
DATE 





с> 


05/13/85 
07/24/95 
05/08/85 
07/29/83 
07/25/35 
12/12/85 
12/12/85 
12/12/90 


Ы 


МОТЕ 
ID 


NAVY TUBE FLAME PROPAGATION FLOW TEST 


LOWER UPPER 
RANGE RANGE 
0 0 
0 0 
0 0 
0 0 
0 0 
0 10000 
0 300 
0 10000 
0 300 
0 300 
0 0 
0 0 
0 70 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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02/21/35 
HOMA 
244.01 
80 Al 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
29. 1555 8.146850 
«7533 ‚240390 
5. 2054 8. 155830 
-1.1727 ‚241900 
-3.7401 ‚ 233270 
. 0000 ‚002440 
0.0000 ‚0023440 
0.0000 : 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 


TYPE K (SEGMENTED) 


UNITS 





Des.F 
Des.F 


Des. F 
Des. F 
Deg. F 
Џез. Е 


TEST ПАТЕ < 
PROGRAM ENGINEER’S NAME 


TEST NUMBER 
TEST DESCRIPTION 


NABE 


TT-210 
i521] 


CH.. 


PROGRAM VARIABLES STORED ON DISKETTE 


ЧЕ. 


VOLTS DEG. 


SOSOGSSS)SOSOIaSGOBaGOBaBSISISSSISSSSSSSSSOSSSSSSSSSSSSSSSSSSSBaBBBBOSSATS5SSSSSSSSSS 


INT.7 


о OOOOOOOOOOOOOCOOOOOOOOOOOO0OOOOOOOOOOOOOOOOOOOOOOOOOO0Oo0Oo0OoOOoooooooooooooooooodococ 


PT-06  PT-19  PT-1008 жи: INT.3 


VOLTS 


CO OOOOOOOOOOOOOOOOOO0OOO0OOOO0OOOOOOOOOOOOOoOo0OO0o0oO00O0O0O000O0O00O0O0O000o0o0o00o0o0ooodoodooooododo 


I 
13 
12 
12 
13 
13 
12 
12 
13 
12 
13 
59 
205 
277 
300 
302 
301 
301 
301 
301 
301 
300 
20 
299 
299 
293 
298 
297 
298 
297 
297 
298 
298 
299 
300 
300 


301 
301 
301 
301 
301 
301 


533338 


TEST NUMBER 244.01 


ТТ-101 
Des.F PSIG РИА РОТА 
59 330 13 13 
70 330 72 13 
69 321 13 13 
69 321 13 13 
69 321 13 13 
70 330 12 13 
70 321 12 13 
69 321 13 13 
69 321 13 13 
69 321 12 13 
0 321 331 29 
7 321 234 143 
82 313 323 270 
83 313 334 298 
82 321 334 301 
82 313 334 300 
79 321 334 300 
78 321 333 300 
1 313 333 300 
76 313 333 300 
74 313 333 300 
73 313 333 300 
73 313 333 299 
72 313 333 279 
70 321 333 298 
70 313 333 298 
69 313 333 231 
69 321 333 297 
58 313 333 297 
68 313 323 297 
68 321 333 297 
58 321 323 297 
68 313 333 293 
63 313 333 298 
67 321 333 299 
66 321 333 229 
67 313 333 299 
67 313 333 300 
67 313 333 300 
67 313 333 200 
67 313 332 301 
66 313 332 301 
67 321 332 301 
67 321 332 300 
66 321 332 300 
67 913 332 299 
66 313 332 298 
66 313 332 229 
66 313 332 297 
37 305 332 297 
66 321 332 296 
66 313 332 295 
مه‎ 313 332 299 
64 313 322 99 
66 321 332 296 
66 313 332 27 
64 321 B2 298 
54 313 332 300 
67 313 332 300 
مه‎ 321 332 301 
66 313 332 302 
67 313 332 303 
67 313 332 303 
67 321 322 303 
67 313 332 302 
66 313 332 301 
66 313 332 300 
66 313 332 239 
66 313 332 277 
66 313 32 298 
66 321 331 297 
66 321 331 296 
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TIME 
SECS 


-9, 0 
-8.0 
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TEST NUMBER 244.01 


TIME ТТ-101 РТ-06  PT-19  PT-1008 PT-126 INT.S  INT.7 V.P. 
SECS Des.F PSIG PSIA PSIA РІА VOLTS VOLTS DEG. 
63.0 55 321 331 296 296 0 0 32 
64.0 56 313 331 295 296 0 0 32 
55.0 66 313 331 295 296 0 0 J2 
55.9 ته‎ 321 331 296 296 0 0 32 
57.0 ته‎ 313 331 296 227 0 0 33 
68.0 66 313 33l 297 298 0 0 33 
69.0 66 321 331 298 299 0 0 3 
70.0 66 313 331 227 300 0 0 33 
71.0 65 313 331 300 301 0 0 33 
72.0 67 321 331 301 302 0 0 33 
73.0 66 321 331 302 302 0 0 لک‎ 
74.0 5% 313 331 302 303 0 0 تک‎ 
79.0 66 313 331 302 303 0 0 32 
76.0 66 313 331 302 303 0 0 32 
77.0 66 313 331 301 302 0 0 32 
78.0 5% 313 331 300 301 0 0 32 
79.0 67 313 331 300 300 0 0 32 
90.0 66 313 331 299 300 0 0 32 
31.0 66 313 331 298 299 0 0 32 
92.0 66 313 331 273 278 0 0 32 
83.0 66 313 331 297 297 0 0 За 
94.0 66 313 331 296 297 0 0 32 
85.0 65 313 331 296 296 0 0 32 
95. 0 66 313 331 295 273 0 0 25 
87.0 66 313 331 222 292 0 0 9 
38.0 66 313 331 290 270 0 0 0 
89.0 66 313 331 287 288 0 0 0 
90.0 ته‎ 313 331 299 295 0 0 0 
91.0 55 313 331 283 283 0 0 0 
92.0 55 313 331 281 281 0 0 0 
33.0 55 313 331 273 279 0 0 0 
94.0 55 313 331 277] 277 0 0 0 
95.0 55 313 331 279 275 0 0 0 
96.0 64 313 33l 273 273 0 0 0 
97.0 55 313 331 271 27 0 0 0 
98.0 ۵4 313 331 259 269 0 0 0 
99.0 64 313 331 267 268 0 0 0 
100.0 55 313 331 255 266 0 0 0 
101.0 55 313 331 253 264 0 0 0 
102.0 54 313 331 262 262 0 0 0 
103.0 55 313 331 260 250 0 0 0 
104.0 55 313 331 258 253 0 9 0 
105.0 55 313 33l 296 257 0 0 0 
105.0 54 313 331 255 299 0 0 0 
107.0 65 313 331 223 253 0 0 0 
108.0 54 313 331 291 252 0 0 0 
109.0 64 313 33l 250 250 0 0 0 
110.0 55 321 33l 248 249 0 0 0 
111.0 54 313 331 247 247 0 0 0 
112.0 55 313 331 245 245 0 0 0 
113.0 65 313 331 244 244 0 0 0 
114.0 55 313 331 242 242 0 0 0 
11520 55 313 331 240 241 0 0 0 
115.0 55 313 331 229 237 0 0 0 
117.0 64 313 331 238 238 0 0 0 
118.0 65 313 331 226 236 0 0 0 
119.0 55 313 33l 239 235 0 0 0 
120.0 ۵4 321 331 233 234 0 0 0 
121.0 64 313 331 232 232 0 0 0 
122.0 55 313 331 231 231 0 0 0 
123.0 55 313 331 229 230 0 0 0 
124.0 65 313 331 229 228 0 0 0 
123. 0 55 313 331 22 227 0 0 0 
126.0 54 313 331 229 229 0 0 Ü 
127.0 55 313 331 224 224 0 0 0 
128.0 ۵4 313 33l 223 223 0 0 0 
129.0 55 313 331 221 222 0 0 0 
130.0 65 313 331 220 220 0 0 0 
131.0 55 313 331 219 219 0 0 0 
.132.0 66 313 33l 218 218 0 0 0 
133.0 55 313 331 217 217 0 0 0 
134.0 55 313 331 216 216 0 0 0 
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TEST NUMBER 244.01 


TIME ТТ-101 РТ-06  PT-19 PT-100A PT-126 1NT.83  INT.7 У.Р. 
SECS Des.F PSIG PSIA РІА PSIA VOLTS VOLTS DEG. 
135.0 55 313 331 214 214 0 0 0 
135.0 65 313 331 213 213 0 0 0 
137.0 55 313 331 212 212 0 0 0 
138.0 2 65 313 331 211 211 0 0 0 
139.0 55 313 331 210 210 0 0 0 
140.0 55 313 331 209 209 0 0 0 
141.0 55 313 331 208 208 0 0 0 
142.0 65 313 331 206 207 0 0 0 
143.0 65 313 331 205 206 0 0 0 
144.0 65 313 331 204 204 0 0 0 
145.0 65 313 331 203 204 0 0 0 
146.0 66 313 331 202 202 0 0 0 
147.0 65 313 331 201 202 0 0 0 
148.0 65 313 331 2 201 0 0 0 
149.0 65 315 331 199 179 0 0 0 
150.0 65 313 331 198 199 0 0 0 
191.0 65 313 331 197 198 0 0 0 
152.0 66 313 318 196 197 0 0 0 
153.0 55 313 195 196 0 0 0 
154.0 65 313 a 194 194 0 0 0 
193.0 65 313 262 193 193 0 0 0 
156.0 54 313 249 192 172 0 0 0 
157.0 5 313 238 190 190 0 0 0 
158.0 65 313 229 189 189 0 0 0 
159.0 65 313 220 188 188 0 0 0 
160.0 65 313 213 186 187 0 0 0 
161.0 64 313 206 185 185 0 0 0 
162.0 65 313 201 184 183 0 0 0 
163.0 65 321 19% 182 182 0 0 0 
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CAL. QUE DISPLAY STORAGE 
DATE 





YES 


NO 
NO 
NO 
YES 
YES 
NO 
YES 
YES 
YES 
YE 
YES 
№ 
۷ 
۷ 
NO 
۷ 
۷0 








TEST DATE = 02/21/85 
PROGRAM ENGINEER'S NAE НОМА 
TEST NUMBER 243.02 
TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION FLOW TEST 
GL. МАМЕ UNITS AQ Al LOWER UPPER WSTF 
RANGE RANGE ID 
0 TT-101 5۶7 TYPE K (SEGMENTED) 0 0 0 
1 TT-103 . Des.F TYPE K (SEGMENTED) 0 0 0 
5 TT-115 ШЕР TYPE K (SEGMENTED) 0 0 0 
6 П-18 7 TYPE K (SEGMENTED) 0 0 0 
7 TT-120 — Des.F TYPE K (SEGMENTED) 0 0 0 
8 РТ-06 PSIG 28, 1555 8. 144850 0 10000 1758 
2 РТ219 PSIA . . 240370 0 300 1109 
10 РІ-28 PSIG 6.3054 8. 155830 0 10000 2554 
12 РТ-1004 PSIA 2151727 ‚241900 0 300 1110 
15 РТ-126 2 73.940] ‚233270 0 300 1203 
17 INT.3 VOLTS 0. 0000 002440 0 0 0 
18 INT. 7 VOLTS 0.0000 . 002440 0 0 0 
26 V.P. DEG. 0. 0000 . 0 0 90 0 
38 П-Ю 7 TYPE K (SEGMENTED) 0 0 0 
TI-203 4-7 TYPE K (SEGMENTED) Q 0 0 
41 TT-204 3 TYPE K (SEGMENTED) 0 0 0 
43 П-208 — Des.F TYPE K (SEGMENTED) 0 0 0 
45 П-210 7 ТҮРЕ К (SEGMENTED) 0 0 0 
4 TI-211 Des, F TYPE K (SEGMENTED) 0 0 0 
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PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.02 


ТІМЕ Т1-101 РТ-06 | РТ-19  PT-100A PT-126 1NT.83  INT.7 V.P. 
SECS Des.F PSIG РІА РІА РІА УЧТ5 VOLTS DEG. 
22:0 70 313 12 12 12 0 0 30 
-8.0 70 313 12 12 12 0 0 30 
“710 70 313 12 12 13 0 0 30 
-6.0 70 313 12 12 13 0 0 30 
-5.0 70 313 12 12 12 0 0 30 
-4.0 70 313 12 12 12 0 0 30 
-3.0 70 313 12 12 13 0 0 30 
-2.0 69 313 12 12 13 0 0 30 
-1.0 70 313 12 12 12 0 0 30 
0.0 70 313 12 12 12 0 0 30 
1.0 70 313 329 22 45 0 0 39 
2.0 74 313 326 74 90 0 0 39 
3.0 27 313 330 106 109 0 0 36 
4.0 77 313 331 113 113 0 0 31 
5.0 78 313 330 114 114 0 0 30 
6.0 321 330 114 114 0 0 2 
7.0 76 313 330 115 115 0 0 29 
8.0 313 330 115 115 0 0 28 
9.0 75 313 330 115 115 0 0 28 
10.0 74 313 330 115 115 0 0 27 
11.0 74 313 330 115 115 0 0 27 
12.0 73 313 330 114 114 0 0 744 
13.0 73 313 330 114 114 0 0 26 
14.0 73 313 330 114 114 0 0 26 
15.0 72 313 330 114 114 0 0 29 
15.0 72 313 330 113 113 0 0 25 
17.0 70 313 330 113 113 0 0 29 
18.0 72 313 330 113 113 0 0 24 
19.0 70 313 320 113 113 0 0 24 
20.0 70 313 330 113 113 0 0 23 
21.0 70 313 330 113 112 0 0 23 
22.0 70 313 330 113 112 0 0 22 
23.0 69 313 330 112 112 0 0 22 
24.0 69 313 330 112 112 0 0 22 
29.0 69 313 330 112 112 0 0 2 
26.0 69 313 330 112 112 0 0 21 
27.0 69 313 330 112 112 0 0 21 
28.0 69 313 329 112 112 0 0 21 
2.0 68 313 329 112 112 0 0 21 
30.0 69 313 329 112 112 0 0 21 
31.0 68 313 329 112 112 0 0 21 
22.0 70 313 330 113 112 0 0 22 
23.0 69 313 330 112 112 0 0 22 
24.0 69 313 330 112 112 0 0 22 
25.0 69 313 330 112 112 0 0 22 
25.0 69 313 350 112 112 0 0 21 
27.0 69 313 330 112 112 0 0 21 
28.0 69 313 329 112 112 0 0 21 
29.0 68 313 329 112 112 0 0 21 
30.0 69 313 329 112 112 0 0 2 
31.0 68 313 329 112 112 0 0 21 
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STORAGE 











CAL. DUE DISPLAY 
DATE 

0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
06/13/35 YES 
07/24/85 YES 
95/08/35 YES 
07/29/85 YES 
07/25/35 | YES 
12/12/95 0 
12/12/35 NO 
12/12/90 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 ТЕЗ 


02/21/35 
НОРА 
243,02 

NAVY TUBE FLAME PROPAGATION FLOW TEST 

UNITS A0 Al LOWER UPPER WSTF 
RANGE RANGE ID 

Des.F ТҮРЕ К (ЗЕСМЕМТЕР) 0 0 0 
Deg. F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE К (ЗЕСМЕМТЕР) 0 0 0 
Deg, F TYPE K (SEGMENTED) 0 0 0 
Dea. F TYPE K (SEGMENTED) 0 0 0 
PSIG 28.1555 8.146850 0 10000 1753 
PSIA . 9588 ‚240390 0 300 1109 
Р516 6. 2054 8.155830 0 10000 2554 
PSIA 2141727 . 241900 0 300 1110 
PSIA -3.9401 233270 0 300 1303 
VOLTS ‚0000 002440 0 0 0 
VOLTS 0. 0000 ‚002440 0 0 0 
ГЕС. 0.0000 : 0 90 0 
Deg.F TYPE K (SEGMENTED) 0 0 0 
Deg. F TYPE K (SEGMENTED) 0 0 0 
Des. F TYPE K (SEGMENTED) 0 0 0 
без.Ғ TYPE K (SEGMENTED) 0 0 0 
Оез. Е TYPE K (SEGMENTED) 0 0 0 
Deg.F TYPE K (SEGMENTED) 0 0 0 
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11-210 
1-21 


PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.02 


TIME MIO! РТ-08  PT-19  PT-100A PT-126 1NT.8  INT.7 V.P. 
SECS Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS DEO. 
35.0 58 413 329 111 111 0 0 2 
35.0 58 313 329 111 111 0 0 20 
37.0 67 313 329 111 111 0 0 20 
28.0 58 313 329 111 11 0 0 2 
39.0 68 313 3797 1! 111 0 0 20 
40.0 67 213 329 111 111 0 0 20 
41.0 67 313 329 111 111 0 0 19 
42.0 58 313 329 111 111 0 0 17 
43.0 67 313 329 111 111 0 0 19 
44.0 67 213 329 111 111 0 0 19 
45.0 68 313 329 111 111 0 0 18 
46.0 68 313 329 111 111 0 0 18 
47,0 88 313 329 111 110 0 0 18 
48.0 67 313 329 119 119 0 0 18 
49.0 67 313 329 110 110 0 0 17 
5.0 67 313 329 119 110 0 0 17 
31,0 67 313 329 10 10 0 0 17 
22.0 67 313 329 110 119 0 0 17 
53.0 57 313 329 110 110 0 0 17 
54.0 57 313 329 110 110 0 0 17 
55.0 67 313 329 110 110 0 0 17 
55.0 67 313 329 110 119 0 0 4 
57.0 67 313 329 110 110 0 0 0 
58.0 67 313 329 110 110 0 0 0 
59.0 66 313 329 110 110 0 0 0 
60.0 67 313 329 110 110 0 0 0 
61.0 67 313 329 110 110 0 0 0 
62.0 67 313 329 110 110 0 0 0 
53.0 67 313 329 110 109 0 0 0 
64.0 67 313 329 109 109 0 0 0 
65.0 67 313 329 109 109 0 0 0 
66.0 57 313 329 109 109 0 0 0 
67.0 67 313 329 109 109 0 0 0 
58.0 67 313 329 109 109 0 0 0 
69.0 67 313 329 109 109 0 0 0 
70.0 67 313 329 109 109 0 0 0 
71.0 67 313 329 109 109 0 0 0 
72.0 67 313 329 109 109 0 0 0 
73.0 67 313 329 109 109 0 0 0 
74.0 67 33 329 109 109 0 0 0 
75.0 67 313 329 109 109 0 0 0 
76.0 67 313 329 109 109 0 0 0 
77.0 67 313 329 109 109 0 0 0 
78.0 66 313 327 109 109 0 0 0 
79.0 68 313 329 109 109 0 0 0 
90.0 67 313 329 109 109 0 0 0 
81.0 67 313 329 109 109 0 0 0 
82.0 67 313 222 109 108 0 0 0 
83.0 57 313 329 109 108 0 0 0 
94.0 67 318 329 109 108 0 0 0 
85.0 57 313 329 108 108 0 0 0 
85.0 67 313 325 108 108 0 0 0 
97.0 67 313 227 108 108 0 0 0 
98.0 67 213 329 108 108 0 0 0 
89.0 67 313 329 108 108 0 0 0 
90.0 67 313 329 108 108 0 0 0 
91.0 67 313 329 108 108 0 0 0 
32.0 67 313 329 108 108 0 0 0 
93.0 67 313 329 108 108 0 0 0 
94.0 67 313 327 108 108 0 0 0 
75.0 5/7 313 329 108 108 0 0 0 
95.0 67 313 329 108 108 0 0 0 
97.0 67 313 329 108 108 0 0 0 
98.0 67 313 329 108 108 0 0 0 
39.0 67 313 327 108 108 0 0 0 
100.0 67 313 349 108 108 0 0 0 
101.0 67 33 329 108 108 0 0 0 
102.0 313 327 108 108 0 0 0 
103.0 57 318 329 198 108 0 0 0 
104.0 67 313 322 108 108 0 0 0 
105.0 67 313 276 103 108 0 0 0 
106.0 57 313 279 107 107 0 0 0 
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TEST NUMBER 243.02 





ТІМЕ ТІ-101 РТ-(6  PT-19  РТ-1094 PT-126 INT.S аа аве 
SECS Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS DEG. 
107.0 313 107 107 0 0 0 
108.0 67 313 240 107 107 0 0 0 
109.0 67 313 226 107 197 0 0 0 
110.0 67 313 212 106 106 0 0 0 
111.0 67 313 200 106 106 0 0 0 
112.0 57 313 198 106 105 0 0 0 
113.0 67 313 178 105 105 0 0 0 
114.0 68 212 168 105 104 0 0 0 
115.0 66 313 159 194 104 0 0 0 
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STORAGE 











CAL. DUE DISPLAY 
DATE 

0 YES 
0 YES 
0 YES 
0 TES 
0 TES 
06/13/85 YES 
07/24/55 ۹ 
05/08/85 YES 
07/25/85 ۹ 
07/25/35 . YES 
12/12/75 М 
12/12/85 М 
12/12/90 9 YES 
0 TES 
0 YES 
0 TES 
0 TES 
0 YES 
0 YES 


02/21/85 
HOMA 


TEST 


DATE 
PROGRAM ENGINEER'S NAME 
TEST NUMBER 
TEST DESCRIPTION 


243. 03 
NAVY TUBE FLAME PROPAGATION FLOW TEST 
UNITS 80 Al LOWER UPPER WSTF 
RANGE RANGE ID 
Џез. Р TYPE K (SEGMENTED) 0 0 0 
Deg. F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
وم‎ TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
PSIG 28. 1555 8.146850 0 10000 1758 
РУТА ‚7588 ‚240390 0 300 1109 
PSIG 6.3054 8. 155830 0 10000 2554 
РОТА -1.1727 .241900 0 300 1110 
PSIA 73.9401 233270 0 300 1203 
VOLTS 0. 0000 002440 0 0 0 
VOLTS 0. 0000 ‚002440 0 0 0 
DEG. 0. 0000 . 0 20 0 
Des. F TYPE K (SEGMENTED) 0 0 0 
Deg. F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des. F TYPE K (SEGMENTED) 0 0 0 
Des. F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 


о 


NAME 


TT-201 
TT-203 
TT-204 
TT-208 
TT-210 
T1221] 


PROGRAM VARIABLES STORED ON DISKETTE 


m 


зазагцгг мэ Ч ва эз 8 8агс 6 5488888555858 


V. 


INT. 7 
VOLTS 
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= 


1 


- 


РТ-100А РТ-126 
PSIA PSIA 


243. 03 


ТТ=101 Рта ۹59 


PS1A 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


t 


HSHHSROSSSSSSSSOSSISSSSSSS]SSUSIUSSSSSSSSUSSSSSSSERGUISSSSSSSUSOS 


922 


Deo.F PSIG 
که‎ 217 
5 213 
5 313 

313 65 ‚ 
313 65 
313 65 
313 65 
313 54 
313 65 
321 65 
313 65 
305 69 
313 73 
313 73 
313 73 
313 73 
313 73 
313 72 
313 12 
313 72 
313 72 
داد 69 
313 70 
313 69 
313 69 
313 69 
313 69 
313 69 
313 68 
313 69 
313 68 
313 68 
313 57 
313 67 
313 68 
313 68 
313 67 
313 67 
313 67 
313 68 
313 67 
313 67 
313 66 
313 67 
313 67 
313 56 
413 67 
313 66 
313 67 
313 66 
313 67 
313 67 
313 56 
313 56 
313 66 
313 66 
313 66 
313 56 
313 57 
313 57 
313 56 
313 66 
313 66 
313 66 
313 67 
داد 67 
313 67 
313 66 
313 67 
313 67 
313 66 
313 67 


TEST NUMBER 
TIME 
SECS 


-8.0 


0.0 


Oo CN СУМУ — 
е ә Фе е а е е 


Ba pa pa pn pa pa pd pud реа ра 
ټهر‎ РО يخ مه نم يو نا نب چو وت‎ 


е е *‏ . 
осе о‏ > ټ ټ ټ > > > »> »> هټ هن و ه о>‏ 


NES 


ревзеззизви 
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TEST NUMBER 243.03 


TIME 1۲-101 ۴۲-0٤٨ PT-19 PT-100A PT-126 INT.8  INT.7 VP. 
SECS Des.F PSIG PSIA РЭА РІА VOLTS VOLTS DEG. 
53.0 66 313 328 107 107 0 0 28 
64.0 67 313 327 107 107 0 0 28 
55.0 67 313 316 108 108 0 0 29 
56.0 67 313 276 108 108 0 0 29 
67.0 66 313 244 108 108 0 0 27 
68.0 67 313 217 109 108 0 0 2 
69.0 67 313 192 109 109 0 0 29 
70.0 67 313 170 109 108 0 0 30 
71.0 66 313 150 108 108 0 0 2 
72.0 67 313 133 108 108 0 0 30 
73.0 57 313 120 108 108 0 0 30 
74.0 66 313 112 107 107 0 0 31 
75.0 66 313 108 104 107 0 0 31 
75.0 67 313 106 106 106 0 0 32 
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STORAGE 





YES 
NO 
NO 
NO 


NO 

YES 
YES 
NO 

YES 
YES 
YES 
YES 
YES 


55 


6555 








CAL. DUE DISPLAY 
DATE 

0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
05/13/85 YES 
07/24/35 YES 
05/08/95: YES 
07/75/85 . YES 
07/25/85 ٩5 
12/12/85 NO 
12/12/85 NO 
12/12/70 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 


NAVY TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE 


LOWER UPPER 
RANGE RANGE 


WTF 
10 


бэ с» бэ бэ с» сэ» сэ с»‏ ت 


оооооо ос бо б бо б ههه وه ه‎ 
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TEST DATE = 02/21/85 
PROGRAM НОМА 


ENGINEER’S NAME 

TEST NUMBER 243.04 

TEST DESCRIPTION 
CHL. МАМЕ UNITS 80 А! 

0 11-101 өө. TYPE K (SEGMENTED) 

1 TT-103 . Des.F TYPE K (SEGMENTED) 

5 د-1‎ БЕ TYPE K (SEGMENTED) 

& 117-118 7 TYPE K (ЗЕСМЕМТЕО) 

7 П-120 — Des.F TYPE K_ (SEGMENTED) 

8 РТ-06 PS1G 28. 1555 8. 145850 
9 РТ-19 Р51А . . 240390 
10 РТ-28 PS16 6.3054 8.155830 
12 PT-100A PSIA 21:177 ‚241900 
15 РІ-І26 8 -3.3401 ‚233270 
17 1NT.3 VOLTS 0000 ‚002440 
18 INT. 7 VOLTS 0.0000 ‚002440 
26 У.Р. DEG. 0. 0000 , 356300 
38 TT-201 Des.F TYPE K (SEGMENTED) 

40 -203 وما‎ ٣ TYPE K (SEGMENTED) 

41 -204 — 0е3.Р TYPE K (SEGMENTED) 


0  Des.F TYPE K (SEGMENTED) 
1  Des.F TYPE K (SEGMENTED) 


PROGRAM VARIABLES STORED ON DISKETTE 


V. ЈА 
DEG. 


ههه ه2 2وا له زا زا دو نن د نو يخ 


вввсза 


21 


^ 


гэ. 
— 


21 
21 
2 


33 


3333 


19 
19 
17 
19 
19 


19 


INT.7 
VOLTS 


OOOOOOOOOOOOOOO0O0OO0O0O0000O0O0O00O0O0O0OO000OO0O0OO0O0Q0o0O0OO0O0O0o0o0o0O0o0o0o0oo0oodo 


PT-1004 PT-125 INT.8 
PSIA لي‎ VOLTS 
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ЁТ-17 
PSIA 


25 


115101 PT-06 

Des.F PSIG 
65 313 
65 313 
66 313 

. 63 313 
65 313 
65 313 
65 313 
65 313 
64 313 
64 313 
65 313 
69 313 
2 313 
73 313 
73 313 
73 309 
73 313 
73 313 
73 313 
72 313 
70 313 
70 313 
70 305 
70 313 
69 313 
69 313 
69 313 
69 313 
68 313 
69 313 
68 313 
67 313 
68 313 
68 313 
67 313 
68 313 
68 305 
67 313 
bb 313 
57 313 
57 313 
57 313 
57 313 
57 313 
57 313 
66 313 
67 313 
67 313 
64 812 
5 313 
56 313 
66 305 
5 313 


TEST NUMBER 243.04 


ТІМЕ 
SECS 
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CAL. DUE DISPLAY STORACE 
DATE 








02/21/85 
HOMA 
243.05 


NAVY TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE 


WSTF 
ID 


>> >>>" >" >» » о 


LOWER UPPER 
0 0 
0 0 
0 0 
0 0 
0 0 
0 10000 
0 300 
0 10000 
0 300 
0 300 
0 0 
0 0 
0 90 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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80 A1 


TEST DATE = 
PROGRAM ENGINEER’S NAME 


TEST NUMBER 
TEST DESCRIPTION 


CHL. NAME UNITS 
0 TT-101 Des.F 
1 TT-103 Des.F 
5 17-115 9. 
6 TT-118 ез. 
7 TT-120 Џез. 
8 PT-06 PSIG 
9 PT-19 PSIA 
10 РТ-23 PSIG 
12 РТ-100А PSIA 
15 РТ-126 PSIA 
17 INT.8 VOLTS 
18 INT.7 VOLTS 
26 V.P. (EG. 
39 TT-201 Пез. Е 
40 17-203 Des.F 
41 TT-204 Des.F 
43 TT-208 Dea. F 
45 TT-210 Des.F 
45 TT-211 Des.F 


PROGRAN VARIABLES STORED ON DISKETTE 


TEST NUMBER 75 


TIME TT-101. PT-06  PT-19 РТ-100А РТ-126 INT.8  INT.7 V.P. 
SECS Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS DEG. 
-9.0 64 305 12 12 12 0 0 30 
-8.0 64 291 12 12 12 0 0 30 
-7.0 64 297 12 12 12 0 0 30 
-6.0 54 297 12 12 12 0 0 30 
-5.0 ы 297 12 12 12 0 0 30 
-4.0 54 12 12 13 0 0 30 
-3.0 ۵4 22] 12 12 12 0 0 30 
72.0 65 227 12 12 12 0 0 30 
-1.0 54 297 12 12 12 0 0 30 
0.0 ۵4 297 [2 12 12 0 0 30 
1.0 64 27 417 13 14 0 0 30 
2.0 54 297 317 15 15 0 0 30 
3.0 64 237 317 16 17 0 0 30 
4.0 65 27 316 18 19 0 0 30 
9.0 65 297 316 20 0 0 30 
5.0 55 297 316 22 0 0 30 
7.0 65 297 315 24 24 0 0 30 
8.0 66 297 319 25 25 0 0 30 
9.0 66 297 315 26 26 0 0 29 
10.0 66 291 315 27 27 0 0 27 
11.0 66 297 315 28 28 0 0 25 
12.0 66 297 315 28 28 0 0 2 
13.0 66 297 315 2 29 0 0 18 
14.0 67 305 315 30 30 0 0 14 
15.0 67 297 315 30 30 0 0 3 
15.0 67 297 315 31 31 0 0 0 
17.0 66 27 315 32 32 0 0 0 
18.0 66 305 315 32 32 0 0 0 
19.0 68 297 213 33 33 0 0 0 
20.0 87 305 315 33 34 0 0 0 
21.0 66 297 315 34 34 0 0 0 
22.0 67 309 315 35 35 0 0 0 
23.0 66 297 315 3 35 0 0 0 
24.0 57 297 315 36 35 0 0 0 
25.0 67 297 319 37 37 0 0 0 
26.0 67 227 315 37 37 0 0 0 
27.0 57 231 315 33. 38 0 0 0 
28.0 67 227 315 39 38 0 0 0 
29.0 67 305 315 3 39 0 0 0 
30.0 67 297 315 3 39 0 0 0 
31.0 67 297 319 40 40 0 0 0 
32.0 305 315 4) 41 0 0 0 
33.0 67 297 319 41 41 0 0 0 
34.0 67 309 319 42 42 0 0 0 
35.0 67 297 313 42 42 0 0 0 
36.0 68 297 315 43 43 0 0 0 
37.0 67 297 315 43 43 0 0 0 
38.0 58 905 315 44 44 0 0 0 
39.0 67 27 315 44 44 0 0 0 
40.0 67 297 315 45 45 0 0 0 
41.0 67 27] 315 45 45 0 0 0 
42.0 67 305 315 46 46 0 0 0 
43.0 58 305 315 4 45 0 0 0 
44.0 67 297 315 46 0 0 0 
45.0 58 305 315 47 47 0 0 0 
46.0 58 297 315 47 47 0 0 0 
47.0 67 297 315 48 48 0 0 0 
48.0 67 305 213 48 48 0 0 0 
49.0 67 297 319 49 49 0 0 0 
90.0 67 305 315 49 49 0 0 0 
91:0 66 297 315 50 49 0 0 0 
52.0 67 297 315 50 50 0 0 0 
53.0 59 227 319 50 50 0 0 0 
24.0 227 313 31 51 0 0 0 
55.0 57 297 319 51 3l 0 0 0 
36. 0 67 305 315 92 92 0 0 0 
27.0 87 297 313 52 92 0 0 0 
58.0 69 297 315 52 23 0 0 0 
39.0 68 297 315 53 53 0 0 0 
60.0 67 297 319 53 9J 0 0 0 
61.0 58 305 315 53 54 0 0 0 
52.0 67 297 314 54 54 0 0 0 


DE 


TEST NUMBER 243.05 


TIME ЇТ-101 Р1-06 21-19  PT-1008. PT-125 INTO SIN СУ. 
SECS Des.F PSIG РПА PSIA PSIA VOLTS VOLTS DEG. 
63.0 67 305 314 54 94 0 0 0 
64.0 58 297 314 55 55 0 0 
55.0 67 297 314 35 55 0 0 0 
55.0 67 297 314 55 5% 0 0 0 
57.0 67 305 314 56 56 0 0 0 
68.0 68 297 314 56 56 0 0 0 
59.0 67 297 314 56 56 0 0 0 
70.0 58 297 314 97 57 0 0 0 
71.0 67 297 314 57 57 0 0 0 
72.0 68 297 314 57 57 0 0 0 
73.0 67 297 314 58 58 0 0 0 
74.0 58 305 34 58 58 0 0 0 
75.0 58 297 314 99 99 0 0 0 
76.0 67 297 314 59 59 0 0 0 
77.0 67 297 314 59 39 0 0 0 
78.0 67 227 314 22 99 0 0 0 
79,0 67 297 314 60 60 0 0 0 
90. 0 67 297 314 ۵0 60 0 0 0 
81.0 67 297 314 60 60 0 0 0 
82.0 67 297 314 61 60 0 0 0 
83.0 67 297 314 61 61 0 0 0 
84.0 67 995 314 61 ۵! 0 0 0 
85.0 67 297 314 51 51 0 0 0 
85.0 67 297 314 61 ۵! 0 0 0 
87.0 67 297 314 62 62 0 0 0 
88.0 66 305 314 62 62 0 0 0 
89.0 67 297 314 62 62 0 0 0 
90.0 67 297 314 63 63 0 0 0 
91.0 67 297 314 63 63 0 0 0 
92.0 67 297 314 63 63 0 0 0 
33.0 67 297 314 63 63 0 0 0 
94.0 67 297 314 63 54 0 0 0 
79.0 67 297 314 54 54 0 0 0 
96.0 66 297 314 04 04 0 0 0 
97.0 67 309 314 54 54 0 0 0 
98.0 67 297 314 54 54 0 0 0 
99.0 67 227 314 65 65 0 0 0 
109.0 56 297 301 55 55 0 0 0 
101.0 67 297 27 65 65 0 0 0 
102. 0 67 297 258 63 65 0 0 0 
103.0 67 297 241 65 65 0 0 0 
104. 0 57 305 226 55 65 0 0 0 
105.0 67 305 212 65 65 0 0 0 
106.0 67 297 199 65 65 0 0 0 
107.0 67 297 187 65 65 0 0 0 
108.0 67 297 176 64 65 0 0 0 
109.0 67 297 165 64 64 0 0 0 
110.0 66 309 155 54 64 0 0 0 
111.0 67 297 14 64 64 0 0 0 


gue 











CAL. DUE DISPLAY 
0 YES 
0 YES 
0 YES 
0 YES 
0 122) 
06/13/85 YES 
07/24/85 ٩۹ 
05/08/85 YES 
07/25/85 YES 
07/25/35 ۹ 
12/12/85 NO 
12/12/83 М 
12/12/90 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 TES 


02/21/85 

HOMA 

243.06 

NAVY TUBE FLAME PROPAGATION TEST, SS TUBE 
UNITS A0 Al LOWER UPPER WTF 

RANGE RANGE 1 

Џез. Р TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des. F TYPE K (SEGMENTED) 0 0 0 
PSIG 28.1555 3. 146850 0 10000 1758 
РУТА . 9939 ‚ 240390 0 300 1109 
PSIG 6.3054 8. 155830 0 10000 2654 
۸۵ 71.1727 ‚241900 0 300 1110 
РТА -3. 9401 ‚233270 0 300 1303 
VOLTS 0.0000 ‚002440 0 0 0 
VOLTS 0. 0000 . 002440 0 0 0 
DEG. 0. 0000 . 956300 0 90 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGHENTED) 0 0 0 
وم‎ TYPE K (SEGMENTED) 0 0 0 
Des.F TYPE K (SEGMENTED) 0 0 0 
Des.F ТҮРЕ К (SEGMENTED) 0 0 0 


22 


TEST DATE - 
PROGRAM ENGINEER'S NAME 
NUMBER 


TEST 
TEST DESCRIPTION 


NAME 


TT-101 
117-103 
112115 
TT-118 
TT-120 
PT-06 
PISIS 
РТ-23 
PT-1004 
PT-125 
INT.3 
INT. 7 
TI S201 
TT-203 
TT-204 
TT-208 
TT-210 
8-211 


CL. 


PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.06 


ТІМЕ ПІ-101 РТ-06  PT-19  PT-1008 PT-126 LINT. 3 14740022 
SECS Des.F PSIG РПА PSIA РІА VOLTS VOLTS DEG. 
29:0 64 297 12 12 12 0 0 30 
-8.0 63 297 12 12 13 0 0 30 
-7.0 64 297 12 12 13 0 0 30 
76.0 63 297 12 12 12 0 0 30 
-5.0 54 297 12 12 13 0 0 30 
-4.0 63 297 12 12 13 0 0 30 
-3.0 63 297 12 12 12 0 0 30 
-2.0 63 297 12 12 12 0 0 30 
-1.0 63 297 12 12 12 0 0 30 
0.0 64 297 12 12 13 0 0 30 
1.0 64 297 312 0 0 39 
2.0 68 297 310 76 86 0 0 37 
3.0 70 313 105 107 0 0 36 
4.0 72 291 313 111 112 0 0 32 
5.0 72 297 313 113 113 0 0 J2 
6.0 297 313 114 114 0 0 31 
7.0 72 227 313 115 115 0 0 30 
9.0 2 297 312 115 115 0 0 29 
9.0 70 297 312 115 115 0 0 29 
10.0 69 297 312 115 115 0 0 29 
11.0 69 297 312 115 115 0 0 27 
12.0 69 231 312 114 114 0 0 27 
13. 0 69 297 312 114 114 0 0 27 
14.0 68 297 312 113 113 0 0 27 
15.0 58 297 312 113 113 0 0 26 
16.0 67 297 312 113 113 0 0 26 
17.0 67 297 312 112 112 0 0 29 
18.0 68 297 312 112 112 0 0 29 
19.0 67 297 312 112 112 0 0 29 
20.0 67 297 312 112 111 0 0 24 
21.0 67 297 312 111 111 0 0 24 
22.0 66 297 312 111 111 0 0 24 
23.0 67 297 312 111 111 0 0 24 
24.0 66 297 312 110 110 0 0 24 
25.0 67 297 312 110 110 0 0 24 
26.0 66 297 312 110 119 0 0 24 
27.0 66 297 312 109 109 0 0 24 
28.0 66 289 312 109 109 0 0 24 
29.0 66 297 312 109 109 0 0 24 
30.0 66 227 312 108 108 0 0 24 
31.0 66 289 312 108 108 0 0 24 
32.0 66 297 312 108 108 0 0 24 
33.0 65 297 312 108 108 0 0 24 
34.0 5 297 312 107 108 0 0 24 
39.0 66 297 312 107 107 0 0 24 
36.0 66 297 312 107 107 0 0 24 
37.0 66 297 307 106 105 0 0 24 
39.0 66 297 294 105 106 0 0 29 
39.0 66 297 265 105 106 0 0 29 
49.0 55 297 249 105 105 0 0 29 
41.0 66 297 234 105 105 0 0 26 
42.0 55 297 221 104 104 0 0 27 
43. 0 66 297 209 104 104 0 0 27 
44.0 66 227 195 103 103 0 0 28 
45.0 55 297 175 103 103 0 0 29 
46.0 55 297 153 103 103 0 0 30 
47.0 66 227 123 103 103 0 0 32 
48.0 55 297 104 103 103 0 0 33 
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CAL. DUE DISPLAY STORAGE 
DATE 











до >» >» >>> > ос 


LOWER UPPER 
RANGE RANGE 
0 0 

0 0 

9 0 

0 0 

0 0 

0 10000 
0 300 
0 10000 
0 300 
0 300 
0 0 

0 0 

0 70 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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02/21/85 
HOMA 


NAVY TUBE FLAME PROPAGATION TEST, SS TUBE 


8. 145850 
0390 


TEST DATE = 
PROGRAM ENGINEER’S NAME 


TEST NUMBER 243, 07 
TEST DESCRIPTION 


CHL. NAME UNITS a0 Al 
0 ТІ-101 Des. F TYPE K (SEGMENTED) 
1 TT-103 Des.F TYPE K (SEGMENTED) 
S TT-115 Des. F TYPE K (SEGMENTED) 
6 TT-118 Des.F TYPE K (SEGMENTED) 
7 TT-120 Des.F ТҮРЕ K (SEG'ENTED) 
8 РТ-06 PSIG 28.1555 
9 PT-19 ۸م‎ : 

10 РТ-28 PSIG 5.3054 
12 РТ-1004 PSIA =1.172 
15 РТ-126 PSIA -3. 9401 
17 INT. VOLTS 0. 0000 
18 INT. 7 VOLTS 0. 0000 

2۵ V.P. DEG. 0.0000 
38 TT-201 Des.F TYPE K (SEGMENTED) 
40 TT-203 Des.F TYPE K (SEGMENTED) 
41 TT-204 Des.F TYPE K (SEGMENTED) 
43 TT-208 Des.F TYPE K (SEGMENTED) 
45 TT-210 Des.F TYPE K (SEGMENTED) 
4 ТІ-211 Des, F TYPE K (SEGMENTED) 


PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.07 


TIME П-101 РТ-06  PT-19  PT-100&.PT-126  INT.S. INT. 7 ۰ 
SECS Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS DEG. 
-9.0 64 297 12 12 12 0 0 30 
.0 64 297 12 12 12 0 0 30 
-7.0 55 297 12 12 13 0 0 30 
-6.0 „54 297 12 12 13 0 0 30 
-9.0 64 297 12 12 13 0 0 30 
-4.0 64 221 12 12 13 0 0 30 
-3.0 65 297 12 12 12 0 0 30 
-2.0 64 297 12 12 13 0 0 30 
-1.0 66 27 12 12 13 0 0 30 
0.0 64 27 12 12 12 0 0 2 
1.0 64 297 314 14 14 0 0 30 
2.0 ته‎ 297 314 15 16 0 0 20 
3.0 65 297 313 17 17 0 0 30 
4.0 66 289 313 19 20 0 0 30 
5.0 66 27 313 21 0 0 30 
6.0 ته‎ 297 313 23 24 0 0 30 
7.0 66 297 313 29 29 0 0 30 
3.0 66 289 313 26 26 0 0 2 
9.0 55 289 312 27 27 0 0 27 
10.0 66 297 312 27 28 0 0 25 
11.0 67 297 312 2 28 0 0 2 
12.0 67 297 312 29 29 0 0 20 
13.0 67 297 312 27 29 0 0 15 
14.0 67 297 312 30 30 0 0 10 
19. 0 66 297 312 3l 3l 0 0 3 
15.0 57 297 312 3l 32 0 0 0 
17.0 66 297 312 3l 32 0 0 0 
18.0 66 27 312 32 32 0 0 0 
19.0 67 297 312 33 33 0 0 0 
20.0 66 297 312 33 34 0 0 0 
21.0 66 297 312 34 34 0 0 0 
22.0 66 297 312 34 39 0 0 0 
23.0 67 221 312 3 3 0 0 0 
24.0 67 297 312 36 35 0 0 0 
25.0 66 289 312 36 36 0 0 0 
26.0 66 289 312 37 37 0 0 0 
27.0 68 289 312 37 37 0 0 0 
28.0 57 297 312 38 38 0 0 0 
29.0 67 297 312 38 39 0 0 0 
30.0 66 27 312 39 39 0 0 0 
31.0 67 277 312 39 40 0 0 0 
32.0 66 27 312 40 40 0 0 0 
3.0 67 297 312 40 41 0 0 0 
34.0 67 289 312 41 41 0 0 0 
35.0 66 297 312 4 42 0 0 0 
36.0 67 297 312 42 42 0 0 0 
37.0 67 27 312 ۹2 ۹2 0 0 0 
38.0 68 227 2 43 43 0 0 0 
39.0 67 237 269 43 43 0 0 0 
40.0 57 297 291 43 43 0 0 0 
41.0 67 297 234 44 ц 0 0 0 
42.0 5 297 220 E H 0 0 0 
43.0 67 297 2% 44 ја 0 0 0 
44.0 56 297 194 ES ~ 0 0 0 
45.0 67 239 182 44 44 0 0 0 
40 66 289 171 14 45 0 0 0 
47.0 67 297 161 44 4 0 0 0 
48.0 66 297 151 -% 4 0 0 0 
49.0 66 297 142 44 44 0 0 0 
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STORAGE 











CAL. DUE DISPLAY 
DATE 

0 YES 
0 YES 
0 TES 
0 YES 
0 YES 
06/13/85 YES 
07/28/85 ۹5 
05/08/85 YES 
07/25/85 ҮЕ5 
07/25/85 WES 
12/12/35 NO 
12/12/85 М 
12/12/90 — YES 
0 YES 
0 TES 
0 YES 
0 YES 
0 [ES 
0 YES 


TEST DATE = 02/22/85 
PROGRAM ENGINEER'S NAME HOMA 
ST NUMBER 243.08 

TEST DESCRIPTION NAVY TUBE FLAME PROPAGATION TEST, SS TUBE 

CHL. МАМЕ UNITS 80 А! LOWER UPPER MSTF 
RANGE RANGE ID 

0 TT-101 — Des.F TYPE K (SEGMENTED) 0 0 0 

1 TT-103 . Des.F TYPE K (SEGMENTED) 0 0 0 

9 П-15 7 TYPE K (SEGMENTED) 0 0 0 

6 TT-118 — Des.F TYPE K (SEGMENTED) 0 0 0 

7 TT-120 ез. TYPE K (SEGMENTED) 0 0 0 

9 PT-06 PSIG 28. 1555 8. 145850 0 10000 1758 

7 21519 PSIA ‚7598 ‚240390 0 300 1109 

10 РТ-28 PSIG ‚3054 8. 155830 0 10000 2654 

12 РТ-1004 PSIA 21,1727 ‚241900 0 300 1110 

15 РТ-126 РЗЇА -3.9401 , 0 0 300 1303 

17 INT.3 VOLTS 0. 0000 002440 0 0 0 

18 INT.7 VOLTS 0. 0000 ‚002440 0 0 0 

26 V.P. DEG. 0. 0000 0 90 0 

38 TT-201 — Des.F TYPE K (SEGMENTED) 0 0 0 

40 TT-203 . Des.F TYPE K (SEGMENTED) 0 0 0 

۹ TT-204 Пез.Ғ TYPE K (SEGMENTED) 0 0 0 

43 П-208 Ф.Р TYPE K (SEGMENTED) 0 0 0 

45 ЇТ-210 7۴ TYPE K (SEGMENTED) 0 0 0 

46 TT-211 467 TYPE K (SEGMENTED) 0 0 0 


108 


PROGRAM VARIABLES STORED ON DISKETTE 
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у. Р. 


INT. 7 
VOLTS VOLTS DEG. 


ПЕ РГ 01:12 ا‎ PT-126 3 


TEST NUMBER 243.08 


PSIA 


PSIA 


Р516 


Des.F 


TIME 
SECS 


TEST NUMBER 243.08 


TIME TT-101. PT-06 | РТ-19 PT-100A PT-126 INT.8  INT.7 У.Р. 
SECS Des.F PSIG PSIA  PSIA РІА VOLTS VATS DEG. 
53.0 90 321 337 294 295 0 0 33 
64.0 30 321 337 295 296 0 0 33 
65.0 50 321 337 296 297 0 0 33 
66.0 51 321 337 277 297 0 0 33 
57.0 49 321 337 297 298 0 0 33 
58.0 50 321 337 296 297 0 0 32 
69.0 20 321 337 295 296 0 0 32 
70.0 49 321 337 294 294 0 0 52 
71.0 50 321 337 292 292 0 0 21 
72.0 49 321 337 298 289 0 0 5 
73.0 49 321 337 205 285 0 0 0 
74.0 49 321 337 283 204 0 0 0 
79.0 49 321 337 281 282 0 0 0 
76.0 48 321 321 278 217 0 0 0 
77.0 49 321 307 276 276 0 0 0 
78.0 48 31 297 2/3 73 0 0 0 
79.0 49 321 289 270 271 0 0 0 
90.0 48 321 282 267 258 0 0 0 
81.0 47 321 277 265 265 0 0 0 
82.0 48 321 273 262 263 0 0 0 
83.0 48 321 268 237 250 0 0 0 
84.0 47 321 265 297 257 0 0 0 
95.0 47 321 251 294 255 0 0 0 
35.0 48 321 258 291 292 0 0 0 
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STORAGE 





CAL. МЕ DISPLAY 
DATE 








02/22/85 
НОМА 


243. 09 


NAVY TUBE FLAME PROPAGATION TEST, MONEL TUBE 


LOWER UPPER ТЕ 
RANGE RANGE 10 


0 0 
0 0 
0 0 
0 0 
0 0 
10000 1758 
300 1109 
10000 2654 
300 1110 
300 1303 
0 0 
0 0 
70 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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LOG 
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Lo BARRA 
8 


Торо 
555555 


TEST DATE = 


PROGRAM ENGINEER'S NAME 


UNITS 





Р‏ مهل 


TEST NUMBER 
TEST DESCRIPTION 


CHL. NAME 
0 ТТ-101 
1 ТТ-103 
5 ТТ-115 
b Ti -118 
7 ТТ-120 
8 РТ-96 
9 Pini? 
10 РТ-23 
12 РТ-100А 
15 РТ-126 
17 ІМТ.8 
18 INT.7 
26 V.P. 
39 Шели 
40 ТТ-203 
۹1 TT-204 
43 TT-208 
45 TT-210 
46 пегі 


PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.09 





TIME П-101 РТ-06 РТ-19 РТ-100А РТ-125 ІМТ,8 ІМІ.7 ۰ 
SECS Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS DEG. 
-9.0 99 321 13 12 13 0 0 30 
-8.0 2? 321 12 12 13 0 0 30 
-7.0 29 321 12 12 12 0 0 30 
-6.0 99 321 12 12 13 0 0 30 
-5.0 60 321 12 12 13 0 0 30 
-4.0 59 321 12 12 13 0 0 30 
-3.0 99 321 13 12 13 0 0 30 
-2.0 321 12 12 13 0 0 30 
-1.0 99 321 12 12 13 0 0 30 
0.0 57 321 12 12 13 0 0 30 
1.0 99 321 338 17 34 0 0 38 
2.0 63 321 232 113 180 0 0 51 
3.0 58 321 318 251 265 0 0 48 
4.0 69 313 231 291 0 0 35 
9.0 69 321 334 223 295 0 0 33 
6.0 68 313 333 295 296 0 0 33 
7.0 66 313 333 296 297 0 0 33 
3.0 64 321 333 297 298 0 0 33 
9.0 63 313 333 27 297 0 0 33 
10.0 62 321 333 296 297 0 0 32 
11.0 50 313 333 295 2% 0 0 52 
12.0 92 313 333 295 295 0 0 32 
13.0 99 313 333 294 295 0 0 32 
14.0 57 313 333 223 223 0 0 32 
15.0 57 321 333 222 223 0 0 32 
16.0 56 313 303 292 293 0 0 32 
17.0 94 313 333 291 292 0 0 32 
18.0 55 313 333 271 231 0 0 22 
19.0 33 321 333 291 222 0 0 32 
20.0 54 313 332 291 292 0 0 33 
21.0 33 313 333 292 293 0 0 33 
22.0 33 313 332 293 294 0 0 33 
23.0 33 313 332 294 295 0 0 33 
24.0 53 313 322 294 295 0 0 33 
29.0 33 313 332 295 296 0 0 33 
26.0 92 313 332 296 297 0 0 33 
27.0 53 313 332 297 237 0 0 33 
28.0 33 321 332 297 297 0 0 33 
29.0 33 313 332 296 297 0 0 32 
30.0 33 313 332 276 296 0 0 32 
31.0 53 313 332 295 296 0 0 32 
32.0 52 321 332 299 295 0 0 32 
33.0 22 313 332 294 295 0 0 32 
34.0 52 313 332 293 294 0 0 32 
39.0 92 313 332 293 294 0 0 32 
35.0 91 313 332 292 293 0 0 32 
3720 52 313 332 292 293 0 0 32 
39. 0 91 313 332 291 292 0 0 32 
39.0 51 313 332 291 22 0 0 32 
40.0 51 313 332 272 272 0 0 33 
41.0 51 313 332 222 223 0 0 33 
42.0 51 313 291 290 291 0 0 33 
43.0 313 288 288 288 0 0 35 
44.0 91 313 286 285 285 0 0 40 
45.0 91 313 283 282 283 0 0 45 
46.0 50 313 281 280 281 0 0 29 
47.0 51 313 278 277 278 0 0 65 
48.0 50 313 276 275 2 0 0 80 
49.0 50 313 273 273 273 0 0 91 
2.0 50 313 271 270 271 0 0 91 
91.0 50 321 269 268 269 0 0 91 
22.0 50 313 266 266 266 0 0 91 
33.0 49 313 264 263 265 0 0 91 
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CAL. DUE DISPLAY STORAGE 
DATE 








NAVY TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE 


LOWER UPPER 
RANGE RANGE 


WTF 
ID 


> > ه هه مه‎ У О О 
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TEST DATE - 02/22/85 
PROGRAM ENGINEER'S NAE HOMA 
TEST NUMBER 243.1 
TEST DESCRIPTION 

CHL. NAME UNITS 80 А! 
0 ТТ-101 Des.F TYPE K (SEGMENTED) 
1 ТТ-103 47 TYPE K (SEGMENTED) 
5 Т-15 Des. TYPE K (SEGMENTED) 
b П-18 57. TYPE K (SEGMENTED) 
1 П-120 17 TYPE K (SEGMENTED) 
8 PT-06 PSIG 28. 1555 

9 РТ-17 PSIA . 

10 Flezs PSIG 5. 3054 

12 PT-100A РУТА -1.1727 

19 РТ-126  PSIA -3. 2401 

17 INT.8 VOLTS 0. 0000 

18 INT.7 VOLTS 0.0000 

25 У.Р. DEG. 0. 0000 

33 TT-201 ез, Г TYPE K (SEGMENTED) 
40 17-203 б0ез.Ғ TYPE K (SEGMENTED) 
41 11-204 175 TYPE K (SEGMENTED) 
43 11-228 — Des.F TYPE K (SEGMENTED) 
45 TT-210 — Des.F TYPE K (SEGMENTED) 
46 TT-211 47 TYPE K (SEGMENTED) 


PROGRAM VARIABLES STORED ON DISKETTE 





243.1 
П-101 РТ-(5О  PT-19  РТ-1004 РТ-126 INT.8  INT.7 V.P. 
Des.F PSIG PSIA PSIA PSIA VOLTS VOLTS IEG. 
99 321 13 12 13 0 0 30 
59 gal 12 12 13 0 0 30 
97 313 12 12 13 0 0 30 
39 313 13 12 13 0 0 2 
59 321 12 12 13 0 0 30 
۵0 313 12 12 3 0 0 30 
39 321 13 12 13 0 0 30 
39 313 12 12 13 0 0 30 
50 313 12 12 13 0 0 30 
59 321 13 12 13 0 0 30 
97 313 335 13 14 0 0 30 
59 313 335 15 15 0 0 30 
50 313 335 16 17 0 0 30 
59 313 334 18 19 0 0 30 
50 313 334 20 21 0 0 30 
99 321 334 22 22 0 0 30 
50 313 334 24 24 0 0 30 
59 313 334 25 25 0 0 29 
22 313 334 20 2 0 0 27 
99 321 334 26 2 0 0 26 
99 321 333 27 27 0 0 22 
50 313 334 27 28 Q 0 19 
50 313 333 28 28 0 0 15 
50 313 333 29 29 0 0 9 
77 321 333 30 30 0 0 3 
50 313 333 30 31 0 0 0 
50 313 333 31 31 0 0 0 
50 321 333 3l 32 0 0 0 
50 313 333 32 33 0 0 0 
59 313 333 33 34 0 0 0 
99 313 333 33 34 0 0 0 
37 313 333 ЗА 35 0 0 0 
54 313 333 3 35 0 0 0 
57 313 333 39 36 0 0 0 
37 313 333 36 36 0 0 0 
54 313 333 36 37 0 0 0 
57 313 333 37 38 0 0 0 
57 313 333 98 38 0 0 0 
59 313 333 38 39 0 0 0 
57 313 333 38 39 0 0 0 
54 313 333 39 39 0 0 0 
37 313 333 40 40 0 0 0 
37 321 333 40 41 0 0 0 
37 313 333 41 41 0 0 0 
35 313 333 41 42 0 0 0 
56 313 333 42 42 0 0 0 
55 313 333 42 42 0 0 0 
55 313 333 43 43 0 0 0 
55 313 339 43 44 0 0 0 
56 313 333 44 44 0 0 0 
29 313 333 44 45 0 0 0 
55 313 333 45 45 0 0 0 
55 313 333 45 45 0 0 5 
55 313 333 46 46 0 0 7 
ده‎ 313 333 4 4% 0 0 13 
55 321 333 45 46 0 0 15 
55 313 333 47 47 0 0 19 
56 313 333 47 47 0 0 21 
35 313 333 47 43 0 0 23 
54 313 333 48 49 0 0 29 
94 313 333 48 49 0 0 27 
99 321 333 49 49 0 0 28 
55 313 333 50 51 0 0 32 
55 321 332 5 58 0 0 35 
55 313 332 73 73 0 0 33 
56 313 332 76 7 0 0 لک‎ 
56 313 332 7 78 0 0 31 
57 313 332 78 78 0 0 30 
94 313 332 78 79 0 0 29 
55 313 332 78 79 0 0 29 
94 313 332 78 73 0 0 2] 
55 313 332 78 7 0 0 27 
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TEST NUMBER 


TIME 
SECS 


КУ 
-8.0 


0 


حن سرس سم 
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TEST NUMBER 243.1 


TIME ТІ-101 РТ-06 21-19 РТ-Ю0А РТ-125 17.3 00270 ET 
SECS Des.F PSIG PSIA PSIA РІА VOLTS VOLTS DEG. 
53.0 55 213 332 78 78 0 0 25 
54.0 55 213 332 78 78 0 0 24 
55.0 54 219 332 78 78 0 0 22 
56.0 253 313 332 82 82 0 0 لد‎ 
67.0 55 313 332 89 90 0 0 33 
58.0 55 313 279 96 96 0 0 33 
59.0 54 313 199 97 97 0 0 42 
70.0 55 321 166 97 78 0 0 31 
71.0 55 313 150 97 97 0 0 30 
72.0 94 313 141 96 917 0 0 28 
73.0 54 313 135 95 95 0 0 27 
74.0 23 313 130 94 94 0 0 27 
75.0 94 313 125 73 94 0 0 27 
75.0 23 313 121 92 93 0 0 27 
77.0 23 313 117 91 21 0 0 2 
78.0 53 313 114 91 91 0 0 21 
79.0 52 313 110 90 90 0 0 27 


EO 


STORAGE 








CAL. DUE DISPLAY 
DATE 





0 YES 
0 YES 
0 YES 
0 YES 
0 TES 
05/13/85 5 
07/24/85 YES 
05/08/85 YES 
07/25/85 YES 
07/25/85 YES 
12/12/35 
12/12/85 0 
2/12/39: 125 
0 TES 
0 YES 
0 ТЕЗ 
0 YES 
0 YES 
0 YES 


02/22/85 
HOMA 
243.11 


МАМУ TUBE FLAME PROPAGATION TEST, CARBON STEEL TUBE 


WSTF 
1D 


о сь б تب ب ب‎ О О ت‌‎ 


LOWER UPPER 
RANGE RANGE 
0 0 

0 0 

0 0 

0 0 

0 0 

0 10000 
0 300 
0 10000 
0 300 
0 300 
0 0 

0 0 

0 90 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 


Ше 


80 Al 


0. 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 
TYPE K (SEGMENTED) 


Des.F 
Des.F 


TEST DATE = 
PROGRAM ENGINEER’S NAME 
NUMBER 


TEST 
TEST DESCRIPTION 


NAME 


TT-101 
115195 
Т15115 
145113 
115120 
PT-06 
PISIS 
РІ-28 
РТ-1004 
PT-126 
187,3 
INT. 7 
V.P. 
TT-201 
11-203 
TT-204 
TT-208 
TT-210 
Т15211 


CHL. 


PROGRAM VARIABLES STORED ON DISKETTE 


TEST NUMBER 243.11 





TI-101. PT-06  PT-19 РТ ОАТТ 22123220: 02 
Des.F PSIG PSIA РА РІА VOLTS VOLTS 06. 
60 321 12 12 13 0 0 30 
99 313 12 12 13 0 0 30 
99 313 12 12 13 0 0 30 
92 313 13 12 13 0 0 30 
59 313 12 12 13 0 0 30 
59 321 13 12 13 0 0 راد‎ 
99 313 12 12 13 0 0 30 
60 321 12 12 13 0 0 30 
99 313 13 12 13 0 0 30 
60 321 12 12 13 0 0 30 
99 313 334 16 19 0 0 33 
99 313 335 24 27 0 0 33 
60 313 333 32 33 0 0 33 
61 313 333 29 39 0 0 31 
61 313 333 35 36 9 0 29 
۵1 313 332 3 35 0 0 27 
61 313 332 36 37 0 0 24 
۵! 313 332 37 37 0 0 22 
50 313 332 33 39 0 0 20 
60 313 332 33 39 0 0 16 
60 313 332 38 39 0 0 12 
50 313 332 3 40 0 0 7 
50 313 332 40 40 0 0 0 
60 313 332 40 40 0 0 0 
s 313 332 41 41 0 0 0 
50 313 332 41 42 0 0 0 
37 313 332 42 42 0 0 0 
57 313 332 42 42 0 0 0 
59 313 332 43 43 0 0 0 
59 313 332 43 44 0 0 0 
97 313 332 43 44 0 0 0 
97 313 332 44 4 0 0 0 
57 313 332 44 45 0 0 0 
57 313 332 45 45 0 0 2 
55 213 332 45 45 0 0 3 
56 313 332 46 45 0 0 4 
56 313 332 45 47 0 0 9 
36 313 332 46 47 0 0 7 
55 313 332 47 47 0 0 7 
55 313 332 4) 4) 0 0 8 
د5‎ 313 332 37 47 0 0 15 
95 313 332 48 48. 0 0 23 
55 313 332 49 49 0 0 31 
55 313 331 94 55 0 0 33 
55 313 331 61 61 0 0 33 
97 313 331 66 67 0 0 33 
57 313 331 58 59 0 0 31 
97 313 331 58 69 0 0 29 
57 313 331 69 69 0 0 29 
54 313 331 70 70 0 0 29 
56 313 331 70 70 0 0 29 
56 313 331 71 72 0 0 29 
99 313 331 72 72 0 0 27 
56 313 331 73 74 0 0 29 
95 313 294 73 74 0 0 29 
55 313 254 74 А 0 0 29 
29 313 223 74 74 0 0 30 
55 313 197 74 74 0 0 2 
99 313 175 74 74 0 0 30 
23 313 155 74 75 0 0 30 
94 313 139 74 74 0 0 30 
5 313 124 74 74 0 0 30 
94 313 117 7d 74 0 0 30 
94 313 101 73 73 0 0 30 
94 913 72 72 72 0 0 30 
94 313 85 72 71 0 0 30 
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TEST DATE - 02/22/85 
PROGRAM HOMA 











ENGINEER'S NAME 
TEST NUMBER 243.12 
TEST DESCRIPTION NAVY TUBE DOWNWARD FLAME PROPAGATION TEST, CARBON STEEL TUBE 
CHL. NAME UNITS A0 Al LOWER UPPER ИСТЕ CAL. DUE DISPLAY STORAGE 
RANGE RANGE ID DATE 

0 П-10 Des.F TYPE K (SEGMENTED) 0 0 0 0 YES YES 
1 11-113 Фез.Ғ ТҮРЕ К (SEGMENTED) 0 0 0 0 ҮЕ5 NO 
5 17-115 7۳ TYPE K (SEGMENTED) 0 0 0 0 YES NO 
b TT-118 — Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO 
7 П-120 7۴ TYPE K (SEGMENTED) 0 0 0 0 YES NO 

РТ-06 PS16 28.1555 8. 145850 0 10000 1758 06/13/85 YES ТЕЗ 
2 PISIS PSIA . . 240390 0 300 1109 07/24/85 ٩۹ YES 
10 РТ-23 PS16 6. 3054 8. 155830 0 10000 2554 05/08/85 YES 
12 PT-100A PSIA 3121727 ‚241900 0 300 1110 07/25/85 YES YES 
19 РТ-126  PSIA 73. 9401 . 233270 9 300 1303 07/29/83 ТЕЗ YES 
17 INT. 8 VOLTS 0. 0000 «002440 0 0 0 12/12/35 М YES 
18 INT. 7 VOLTS 0. 0000 «002440 9 0 0 12/12/35 М YES 
26 V.P. DEG. 0 . 0 90 0 12/12/9072 YES YES 
33 П-201  Des.F TYPE K (SEGMENTED) 0 0 0 0 YES NO 
40 17-203 Deg. F TYPE K (SEGMENTED) 0 0 0 0 TES NO 
41 17-204 [ез.Р TYPE K (SEGMENTED) 0 0 0 0 YES NO 
43 TT-208 ЧЕ TYPE K (SEGMENTED) 0 0 0 0 YES NO 
45 TT-210 Б.Ғ TYPE K (SEGMENTED) 0 0 0 0 YES NO 
46 П-211 М.Ғ TYPE K (SEGMENTED) 0 0 0 0 YES NO 


PROGRAM VARIABLES STORED ON DISKETTE 


1 


TEST NUMBER 243.12 


TIME П-101 PT-06  PT-19 PT-100AIPT-126 INT.3 11.7 لل‎ 
SECS Des.F PSIG PSIA PSIA РІА VOLTS VATS DEG. 
-9.0 97 321 13 12 13 0 0 30 
-8.0 59 313 12 12 13 0 0 30 
-7.0 99 313 12 12 12 0 0 30 
-6.0 97 321 13 12 13 0 0 30 
-9.0 97 321 13 12 12 0 0 39 
-4 59 313 13 12 12 0 0 30 
-3.0 99 313 12 12 13 0 0 30 
72.0 57 313 12 12 12 0 0 30 
-1.0 59 313 12 12 13 0 0 30 
0.0 37 313 13 12 13 Q 0 30 
1.0 59 313 334 13 14 0 0 30 
2.0 99 33 334 1S 15 0 0 30 
3.0 37 313 333 16 17 0 0 30 
4.0 99 313 333 18 18 0 0 30 
9.0 99 313 332 19 20 0 0 30 
6.0 59 31 332 2! 21 0 0 30 
7.0 50 313 332 22 23 0 0 30 
8.0 60 313 332 24 2 0 0 2 
9.0 59 313 332 24 29 0 0 28 
10.0 60 313 332 2 26 0 0 27 
11.0 60 313 332 26 26 0 0 25 
12.0 60 212 332 25 27 0 0 23 
13.0 50 313 332 27 29 0 0 21 
14.0 37 313 332 29 29 0 0 17 
15.0 60 313 332 28 2 0 0 14 
15.0 59 313 332 29 22 0 0 13 
17.0 50 313 332 30 31 0 0 13 
18.0 59 313 332 30 31 0 0 3 
19.0 50 313 332 31 31 0 0 13 
20.0 37 313 332 3l 32 0 0 13 
21.0 59 313 331 32 32 0 0 3 
22.0 99 313 331 42 33 0 0 13 
23.0 59 313 331 33 34 0 0 13 
24.0 50 313 331 34 34 0 0 13 
29.0 57 212 331 34 3 0 0 13 
26.0 97 313 331 33 35 0 0 12 
27.0 57 313 331 35 36 0 0 12 
29.0 97 313 331 3 3 0 0 13 
29.0 59 313 331 37 37 0 0 15 
30.0 2] 313 331 37 37 0 0 16 
31.0 57 313 331 39 38 0 0 17 
32.0 56 313 331 33 39 0 0 18 
33.0 59 321 331 39 39 0 0 19 
34.0 57 313 331 39 39 0 0 19 
39.0 99 313 331 49 40 0 0 20 
35.0 56 313 331 40 40 0 0 20 
37.0 9r 313 اند‎ 41 41 0 0 20 
29.0 56 313 331 41 51 0 0 22 
39.0 55 213 331 42 42 0 0 29 
40.0 55 313 331 46 47 0 0 33 
41.0 97 213 331 93 94 0 0 89 
42.0 50 313 331 60 50 0 0 33 
43.0 59 313 331 62 63 0 0 31 
44.0 37 313 331 62 63 0 0 23 
45.0 59 313 331 62 63 0 0 27 
46.0 59 313 331 52 63 0 0 24 
47.0 55 313 331 63 63 0 0 21 
48.0 37 313 331 53 53 0 0 19 
49.0 54 313 331 63 63 0 0 16 
50.0 55 313 331 53 53 0 0 16 
31.0 54 313 331 63 54 0 0 16 
52.0 56 313 331 64 64 0 0 16 
53.0 54 313 331 54 55 0 0 17 
94.0 54 313 331 64 65 0 0 18 
55.0 55 313 331 64 65 0 0 18 
25.0 54 313 331 64 65 0 0 18 
37.0 25 313 331 ته‎ 65 0 0 19 
53.0 95 313 331 55 55 0 0 19 
39.0 57 313 331 65 65 0 0 2 
50.0 55 321 331 65 $ 0 0 20 
51.0 55 313 331 65 هه‎ 0 0 26 
62.0 55 313 331 67 67 0 0 33 
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V.P. 
DEG. 
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INT. 7 


VOLTS VOLTS 
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PT-100A PT-126 
PSIA PSIA 


88 98 09 22533 88382٧9۷۶220۶ 0 
99 8233 53 8332 93 2 СВ СА сла Зо 
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TEST NUMBER 243.12 


TT-101 
Des.F 


SALALALAAAASFE SSIES SS Su 


TIME 
SECS 


53.0 
64.0 


٨ب‏ حو مت تب دم نب ح ال دول دت که 55 23:3 
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STORAGE 





YES 
NO 
NO 
NO 


NO 
YES 
YES 


YES 
YES 
YES 
YES 
YES 


& 


555555 





02/22/85 
HOMA 
243.13 


NAVY TUBE DOWNWARD FLARE PROPAGATION TEST, CARBON STEEL TUBE 





CAL. DUE DISPLAY 
DATE 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
05/13/99 . YES 
07/28/35 YES 
05/08/85 YES 
07/25/33 ٩۹ 
07/25/35 YES 
12/12/85 
12/12/85 NO 
12/12/90 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 


Кт 
ID 


во‏ ت و و ب هو نو نت 


LOWER UPPER 
RANGE RANGE 


ое‏ و و و مه ته 
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55221909 


TEST DATE - 


PROGRAM ENGINEER’S NAME 


UNITS 


Des.F 


وه 


TEST NUMBER 
TEST DESCRIPTION 


GL. NAME 
0 17-101 
1 TT-103 
3 ТТ-115 
6 ТТ-118 
7 17-120 
8 PT-06 
2 РТ-19 
10 РТ-28 
12 PT-100A 
15 РТ-125 
17 INT.8 
18 INT. 7 
26 У.Р. 
38 ТТ-201 
40 ТТ-203 
41 ТТ-204 
43 TT-208 
45 115210 
46 11-21 


PROGRAM VARIABLES STORED ON DISKETTE 
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2273383888333 
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VOLTS DEG. 
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ТТ-101 РТ-06 
Des.F PSIG 
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TEST NUMBER 243.13 
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TEST NUMBER 243.13 


TIME 11-101 РТ-06  PT-19  PT-1006 PT-12b ІМІ8 ІМ.7 У.Р. 
SECS Des.F PSIG PSIA РІА РІА VOLTS VOLTS DEG. 
53.0 57 213 154 69 69 0 0 2 
54.0 37 313 146 69 69 0 0 30 
55.0 54 313 2 69 0 0 30 
66.0 54 313 115 68 68 0 0 30 
57.0 56 313 103 68 68 0 0 30 
68.0 56 313 33 67 67 0 0 30 
69.0 54 313 95 67 67 0 0 30 
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STORAGE 





YES 
NO 
NO 
NO 


۷ 
YES 
YES 


NO 

YES 
YES 
TES 
YES 
YES 


555555 





TUBE UPMARD FLAME PROPAGATION TEST, CARBON STEEL TUBE 


LOWER UPPER 
RANGE RANGE 





CAL. DUE DISPLAY 
DATE 

0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
05/13/85 ٤3 
07/24/35 YES 
05/08/85 . YES 
07/25/85 . YES 
07/25/35 YES 
12/12/85 М 
12/12/85 NO 
12/12/90 YES 
0 NES 
0 YES 
0 YES 
0 YES 
0 YES 
0 YES 


WTF 
ID 


تہ هه هه وو > > 


ته هن ه ه ه ه ه هوه ه >< >< هوه هو ه ه ه نه ه نه 
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TEST DATE = 02/22/85 
PROGRAM ENGINEER'S NAME НОМА 
TEST NUMBER 243.14 
TEST DESCRIPTION NAVY 

CHL. МАМЕ UNITS 80 Al 

0 TT-101 — Des.F TYPE K (SEGMENTED) 

1 TT-103 7 TYPE K (SEGMENTED) 

3 TT-115  Des.f TYPE K (SEGMENTED) 

6 П-П8 Des. F TYPE K (SEGMENTED) 

7 П-120 7۴ TYPE K (SEGMENTED) 

8 РТ-06 PSIG 28.1555 8.146850 
9 РІР19 PSIA 2988 ‚240390 
10 РТ-28 PSIG 6. 3054 8. 155830 
12 PT-100A PSIA 2151727 ‚241900 
15 РТ-126 PSIA -3. 9401 ‚233270 
17 INT.8 VOLTS . 0000 ‚002440 
18 INT. 7 VOLTS 0.0000 ‚002440 
26 V.P. DEG. 0. 0000 . 

38 TT-200 7٢ ТУРЕ K (SEGMENTED) 

40 П-203  Des.F TYPE K (SEGMENTED) 

41 П-204 (жә. TYPE K (SEGMENTED) 

43 TT-208 75 TYPE К (SEGMENTED) 

45 TT-210 — Des.f TYPE K (SEGMENTED) 

46 TT-211 7 TYPE K (SEGMENTED) 


PROGRAM VARIABLES STORED ON DISKETTE 
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8471-0490) 268 -16165-845-6-100163-1103:549:461090:55 151612 53 


РТ-06 | РТ-19 РТ-100А РТ-125 N.S MT 
PSIA РІА РІА VOLTS) VOLTS DEG. 


Des.F PSIG 


ТТ-101 


TEST NUMBER 243.14 


TIME 
SEG 


STORAGE 








TUBE UPWARD FLAME PROPAGATION TEST, CARBON STEEL TUBE 





CAL. QUE DISPLAY 
DATE 

0 YES 
0 YES 
0 YES 
0 YES 
0 YES 
06/13/85 YES 
07/24/85 YES 
05/08/85 . YES 
07/25/85 ۹5 
07/25/85 YES 
12/12/35 0 
12/12/85 М 
12/12/90 3 
0 TES 
0 5 
0 YES 
0 YES 
0 YES 
0 YES 


ИСТЕ 
ID 


оо >" >" >" >" >" о о 


LOWER UPPER 
RANGE RANGE 


(е Дао Дао ар Дао Дао Дао Дао Дао Дао Дао ар Дао Дао Дао Дао Бар Дао ټ‎ 
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TEST DATE з 02/22/85 
PROGRAM ENGINEER’S МАМЕ НОРА 
TEST NUMBER 243. 15 
TEST DESCRIPTION NAVY 
CH. NAME UNITS AQ Al 
0 TT-10! Des.F TYPE K (SEGMENTED) 
1 TT-103  Des.F TYPE K (SEGMENTED) 
9 TT-115  Des.F TYPE K (SEGMENTED) 
6 TT-118 М.Ғ TYPE K (SEGMENTED) 
7 П-120 — Des.F TYPE K (SEGMENTED) 
8 PT-06 PSIG 28.1595 

9 BIZI? PSIA „2588 

10 РТ-28 PSIG 6.3054 

12 РТ-100А PSIA -1.1727 

15 21-126 #8 -3. 9401 

17 INT.3 VOLTS 0.0000 

18 INT.7 VOLTS 0. 0000 

26 М.Р. DEG. 0. 0000 

38 TT-2001 М.Ғ TYPE K (SEGMENTED) 
40 TT-203 . Des.F TYPE K (SEGMENTED) 
41 П-04 Des. TYPE K (SEGMENTED) 
43 TT-208 — Des.F TYPE K (SEGMENTED) 
45 П-210 — Des.F TYPE K (SEGMENTED) 
46 П-21 7۳ TYPE K (SEGMENTED) 


PROGRAM VARIABLES STORED ON DISKETTE 
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V.P. 


INT. 7 
DEG. 


VOLTS VOLTS 


PSIA 


РТ-19  PT-100A PT-126 83 
PSIA 


PS1A 


17-101 РТ-04 
Des.F PSIG 


SECS 


TEST NUMBER 243.15 
TIME 


APPENDIX B 


List of Special Equipment Used at White Sands Test Facility 


Last 

Model Range Accuracy Calibracion 
152-BAO-89 би 0 psi 02/28/84 
152-BAO-89 | 0-300 psi +3 psi 10/18/84 
НОО 0-300 psi +3 psi 8/7/84 
Oxyacetelene 
Toren 
2000 60-2000 frame/sec Set at 500 

frame/sec 


1525 


Manufacturer 


Alcino 
Transducers 


۸ 1۳٣3 
Transducers 


Aicino 
Transducers 


Victor 


SPIN 
Physics 


WSTF 


Part No. 


PT-100A 


ET IS 


FE 26 


High 
Speed 
Video 


Parame ter 


Measured 


Inlet Press 
To Test 
Article 


Inlet Press 
Bo PCV 


Outlet Press 


from PCV 


Ignitor 


Propagation 
Rate 





Rates 


APPENDIX C 


Calculation of Volume Pow 


Pormula 
о (FV (AP) Tons 
Pomp 1 АЕ 
f standard litres per minute 
Q = Volume flow rate in(standard cubic feet per minute) 
standard litres per minute 
FV = Floodable volume of cylinder 
AP = Change in pressure of cylinder 
Topp 7 Standard temperature 70°F (529.69 R) 
Pomp = 14.7 psi 
At = time in minutes for specific A P 
22095051 = 5.43 ӘСЕМ 1539 СЕР 
1 10рз1 - 2.13 5СЕМ (60.2 ЭМ) 
200 = 1:23 СЕМ 138429 SEPM) 
Озорзі = 0.46 ОСЕМ (13.2 SEPM) 
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Cleaning Specification 


ш NAVSEA 0994-LP-016-1010 


Table 4-19. Clean for Oxygen Service 


SYSTEM SUBSYSTEM MRC CODE 


MK 15 MOD O Underwater 
Breathing Apparatus 


COMPONENT 


Oxygen Pneumatics Components 


Pneumatics Assembly 


MAINTENANCE REQUIREMENT DESCRIPTION TOTAL M/H 


l. Clean tubing and associated components for oxygen service. 
2. Clean valves, regulators for oxygen service ELAPSED TIME 
3. Clean O-rings for oxygen service. 


SAFETY PRECAUTIONS 


l. Comply with safety precautions of the MK 15 Technical Manual. Forces afloat 
comply with Navy Safety Precautions for Forces Afloat, OPNAVINST 5100 
series. Shore activities comply with Safety Precautions for Shore 
Activities, NAVMAT P-5100 series. 


TOOLS, PARTS, MATERIALS, TEST EQUIPMENT 


1. MK 15 Technical Manual, Opn and Fluorolube 
Maint Instr, NAVSEA 0994-LP-016-1010 Isopropyl alcohol, laboratory 
Nitrogen type II, Class I, Grade A grade. 
Anhydrous trisodium phosphate (TSP) . Ultrasonic cleaner 
NA4PO, Technical grade. Cleaning solvent (Freon PCA) 
Tube cleaning brush . Hot plate 
Masking tape . 3 Gallon stainless steel 
Containment bags of nylon C or Aclar 33C container 
Filter cloth for clean rags to be disposed Forceps 
of after each use. . 58 


PROCEDURE 

NOTE I: If performance of this procedure involves entry into the pneumatics 
assembly, perform reentry control procedure as described on MRC 
R-16. 


Clean Tubing and Associated Components for Oxygen Service. 


Remove all visible contaminants from each component, scrubbing with 
small brush and FREON (PCA). Remove rust, paint, tape glue, and 
grease. 

Prepare a solution of 1 lb. Anhydrous Trisodium Phosphate to 2.5 
gallons clean freshwater. Heat to 160°F, place in ultrasonic cleaner. 
Place tubing in ultrasonic cleaner, operate cleaner for 30 minutes. 
After 30 minutes, circulate solution through tubing dipping into 
solution with forceps for 5 minutes. 

Submerge tubing into clean freshwater at 140°F for 30 minutes. 
After 30 minutes, circulate water through tubing dipping into water 
with forceps for 5 minutes. 

Dry tubing by purging with nitrogen. 
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nm NAVSEA 0994-LP-016-1010 
Table 4-19. Clean for Oxygen Service--Continued 


PROCEDURE--Cont inued МЕС К-14 


Upon completion of drying, cap or seal ends with plugs or blanks. 
Hold plugs ín place with tape. 
Tag tubing "oxygen clean."  Sígn and date tag. 


2: Clean Valves, Regulators for Oxygen Service. 


a. Disassemble valve or regulator to smallest component. 

b. Remove all visible contaminants from each component, scrubbing 
with small brush and Freon (PCA). Remove rust, paint, tape glue, 
and grease. 

Prepare a solution, 1 lb. anhydrous trisodium phosphate to 2.5 
gallons of clean freshwater. Heat to 160°F, place in ultrasonic 
cleaner. 

Place parts in ultrasonic cleaner, operate cleaner for 30 minutes. 
Rinse parts in clean freshwater at 140°F for 10 minutes. 

Blow parts dry using nitrogen. 

Reassemble valve or regulator using clean tools and gloves. 

Seal parts in (2) aclar 33C or nylon (c) bags, marked oxygen clean. 
Sign and date label. 


Clean O-rings for Oxygen Service. 


Remove dirt and foreign matter from Kel-F O-rings using lint 
free cloth soaked in Freon (PCA). 

Viton and Ethylene (propylene base) compound O-rings are sub- 
merged in clean isopropyl alcohol for 10 minutes. 

Wipe with lint free cloth soaked in isopropyl alcohol. 

Blow dry with nitrogen. 

Seal O-ring into bags of aclar 33C or nylon (C). 

Mark oxygen clean. Sign and date label. 
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БРРЕШӘЛХ В 


noce ۱7117 147261 0951 «٥ 


Carpon 
Steel 
(Annealed) 
Austenitic Stainless Nickel-Copper AMS 5050 
Steel Monel 400 End oO 
ATSI 6 $ Composition AISI 1010 
e 0.08 max о мах 0.15 вах 
Ni 1) 077140 Оо msn 0.07 
Nickel plus 
Cobalt 
Cu 28.0-34.0 
Mn 2.0 max 290 max 0.3 
Fe Balance 2.5 мах Balance 
S 0:205 0.024 пах arms 
Cr 16 0/18. 0 0.04 
Mo 2073-0 0202 
Р 0.045 max 07029 
Su 1.0 max 0.5 max 0.08 


127 


LIST OF REFERENCES 


Markstein, G.H., "Combustion of Metals", AIAA Journal, 
Vol. 1, No. 3, pp. 550-562) Marcher oe 


Hust, J.G. and Clark, A.F., “А Survey or Conme Te UNE 
of Materials with High Pressure Oxygen Service", 
Cryogenics, Vol. 13, Мо. 6, рр. 325-336 لل‎ NE 


Wegener, W., "Investigations on the Safe Flow Velocity 
To Be Admitted For Oxygen in Steel Pipelines", Stahl 
and Eisen, Vol. 84 No. 8, pp. 46094 75 ٢ 


Defense Metals Infromation Center Report 224, Ignition 
of Metals in Oxygen, by E.L. White and J.J. Ward, 
Feb 1966: 


NASA Report CH-120221, A Survey ов Соправт в мі нин Nc 
Materials with High Pressure Oxygen Service, by 
J.G. Hust and A.P. Clark се: | | E 


DOE Report XXXVI, Structural Materials Evaluation fos 
Centrifugal Compressors, by C.E. Bates and R. Monroe, 
Sept 12762 


Purcell J. and Kreidt F., Oxygen Svs Con юмещє В 
Stainless Steel, Sixth Annual Technical Symposium of 


the Association of Senior Engineers Naval Ship Systems 
Command, Washington DC, 1969. 


Dean, L.E., and Thompson, W.R., "Ignition Characters mimes 
of Metals and Alloys", ARS Journal, Vol. 31 OP 
27:7 69226277011 53S 


Nihart, G.T., Smith, C-P., Compatibility oO ar e 
with 7500 psi Oxygen, Union Carbide Corporation; 8 
Division, Biomedical Laboratory, Aerospace Medical 
Division, Алг 90۴06 00 шаран 


deJessy, A.B., Safety in Oxygen Pipeline Systems 7 ee. 
Air Plant Safety Symposium, 1969. 


Heinicke, G., and Harenz, H., "Tribochemical Effects in 
Technology”, Die Technik, Vol. 24, No. 3, pope 1 لل‎ 
May T9697 


Heinicke, G., "Physkalisch-chemishe Untersuchungen 


Tribochemisher Vorgange", Abh. dtsch Akad. Wiss. Berlin, 
Kl. Chem. Geol. Biol, Berlin 9 2 01 


1229 


20: 


115: 


12228 


Laboratories Test Office, White Sands Test Facility, 


шэ рос TR-2Z77-001, Metals Eqnition Study In 
Gaseous Oxygen (Particle Impact Technique Relating 


Бе спе Shuttte Main Propulsion System Oxygen Flow 
(СОП ЕТО МУ л Ге Tests) by W.S. Porter, 15 Oct 1982. 


Jenny, R. and Wyssmann, H., "Friction-Induced Ignition 
In Oxygen", Flammability and Sensitivity of Materials 
in Oxygen-Enriched Atmospheres, ASTM STP 812, Werley, 
ЕЕ лю 150-166, 1983. 


Laboratories Test Office, WSTF, JSC, Report TR-281-001 


mc IntcsemNRBeport o Development of Methods and 


асанна EET Determining the Ignitability of Metals 
Пен, зуе еты іц апа Е. Benz, 13 Nov 1984. 


Kirchfeld, L., "Combustion Rate of Light Metal Wires 
in High Pressure Oxygen", Metallwissenschaft Und Technik, 
دل لو‎ да вс 1961, translated by Е. Csencitz. 


Kirchfeld, L., "Combustibility of Metals in Oxygen 

up to 200 ATM Pressure", Metallwissenschaft Und Technik, 
Vol 21 (Feb 1967), pp. 98-102, Feb 1967, translated by 
pce sencitz. 


Slusser, J.W. and Miller, K.A., "Selection of Metals 

for Gaseous Oxygen Service" Flammability and Sensitivity 
of Materials in Oxygen Enriched Atmospheres, ASTM STP 
си сг Ed., ASTM, pp- 167-191, 1983. 


Reynolds. W.C. and Williams, J.J., "An Investigation 

of the Ignition Temperatures of Solid Metals" Summary 
Кероке, 5сапгога University, Stanford, CA, NACA Contract 
NAW-6459, June 15, 1957. 


Diehl, L.A., "An Experimental Investigation of the Role 
of Resonance Heating in the Auto Ignition of Flowing 
Combustible Gas Mixtures", Ph.D. Thesis, Department of 
Mechanical Engineering, Ohio State Univ., Columbus, 1970. 


Aerospace Safety Research and Data Institute, Technical 
Memorandum NASA-TMX-68203, Lewis Research Center, NASA, 


шаси незсзите Oxygen Utilization by NASA, March 1973. 


Phillips, В.В. апа Dewitt, K.J., "Resonance-Tube 
Ignition of Aluminum", Combustion and Flame, Vol 35, 
ЕЕ 2120-2258, 1979. 


Scientific and Technical Information Office, NASA Lewis 
Research Center, Technical Paper 1571, Impact Tests of 
Materials-in Oxygen-Effects of Contamination, by P. Ordin, 
Exod 1980. 


129 


1 


14. 


T5. 


o. 


E7. 


ше. 


О. 


EU. 


21. 


22. 


23. 


Sato, J., "Fire Spread Mechanisms Along Steel 
Cylinders in High Pressure Oxygen", Combustion and 


а 


"Study of the Causes of 


2075 


Flame, Vol. 510 рр ЕЕ 


Ivanov, B.A. ana Ul Yano va 


Ignition of Oxygen Pipes", Khim, Neft. Mashznostroyen em 
(8), 12-13, 1981 translated by ICA Ттапсота стат” 


Thermophysical Properties Division, National Bureau of 
Standards, Report NBSTR 81-1647, Laser-Initiated 


Combustion of Selected Aluminum, Copper ins 
Nickel Alloys, by J.W. Bransford anda TPE لل لل‎ 


Шри ٢ 


Aerospace and Mechanical Sciences Department at 
Princeton University, Report No. 816, Heterogenous 
Ignition of Metals: Model and Experiment by 


AM. Mellor, 1967. 


Glassman, I., and others, A Review of Metal Ignition 
and Flame Models, North Atlantic Treaty Organization 
Advisory Group for Aeronautical Research and 


Feb 1970. 


527 


1530 


Development, Meeting No. 


24. 


Ze 


25 


20 


207 


Ши тэ 5 ٢٢ 1 1) LIST 


No. Copies 


Mr. Kenneth R. Graham 2 
Naval Weapons Center 
Code 3891 


China Lake, CA 93555 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, VA 22314 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, CA 93943 


CDR Raymond Swanson 2 
Supervisor of Diving 

NAVSEA 00C3 

Washington, D.C. 20362-5101 


Mr. James Middleton l 
Navy Experimental Diving Unit 
Panama City, Florida 32401 


Mr. Barry Plante 2 
JSC, White Sands Test Facility 

P.O. Drawer MM 

Las Cruces, New Mexico 88004 


Mr. Pete Rudin 1 
Westinghouse Electric Corporation 

Oceanic Division 

Ocean Research and Engineering Center 

West Coast Operation 

920-A Tennessee Street 

Vallejo, CA 94590 


LCDR B. Marsh S 
Code 331 

Puget cound NSYD 

Bremerton, WA 98314-5000 


LCDR M. O'Hare 1 
ОМС 1528 

Naval Postgraduate School 

Monterey, CA 3 


ЕЗ 


Department Chairman, Code 69 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, CA 93943 


Professor T. R. McNelley, Code 69 
Department of Mechanical Engineering 
Naval Postgraduate School 

Monterey, СА 93943 


Professor D. Netzer, Code 6/7 
Department of 

Naval Postgraduate School 
Monterey, CA 93943 


132 


BOR 


TIR 


T2: 


1 1 




















Thesis 


M35h62 Marsh 
Qu The use austenitic 


stainless steel versus 
КОПОЛ ла alley in 
pressurized gaseous 
oxygen (GOX) life 
support systems. 


Ф 
L] СИ” 
А 
L 
. 
. е 
А 
4 
А 
г 
е 
8 
Ld LI 
bi 
А А 
П 
Й 
| z 
П 
4 
f 
. . 
e . LJ 
% 4 
E 
А 
, 
4 П 4 " 
е L 
" 
, 
У. 
ь 
Й 
А 
Й 
. , 
Li е 
, 
n 
я Й 
* . 
۰ 
4 
А А 
Й 
1 
. " А 
L [ 
Й 
а . 
. 
з 
% 
р 
Р 
В 
Фа 
. 
. a J 
Й є 
+ 8 
0 ae 
. 
: 
6K 
е 
аа 
L] Г М 
4 А P б 
D x 
Р. Py е Ы 
a ь 8 
“а Й : 
Гэ" е 
О 
Р А А 
A ue “е е 
а е 
a 
a 
8 А 
“а 
А 
м 
! 
3 - 
, a 
3, | 
E 
H 
7 " 
» > У 
А 
, 
\ 
2 А 
чі а " 
E . ^ 
2 . 
1 
x 
Г 
О 
-- 
| 
А О 
n П 5 
J тов 
a 
+ 
м 
v * 
у ۰ 
М 
«то же 
, 
a Й 
в. 
- | 
з 
E 
є 
« 
» 
4 
L] 
9 
з 





























































































































































24 - ҚР „Рал $ = E! Дел Е ш د‎ 5 
ДР "Tl LI 5 “а” fy Mt Wt 92595381 * Nj ^ با لب‎ Ын. V ٩ з Ы 
ў Ў аа ARIS ASIDE P PUES LEY اک‎ ae Ce AMOR КА D Y APO use of austenitic stainless steel ve а а Р 
ХУА یار کی‎ FS ала д, es ря 23 E 15.4 4. бра ال لر‎ ЖАЙЫ ЈЕ АД АДА) + 4 : поборете раю pcm qu qu Фот ІШІ | ||| у Же 
аа РР 5,3 МАСКА کا و‎ ATT] МРЕЖЕ ДИ ХЕС PRU ЖЫ й АЛЬНОЇ АК КУ у у : | m | | : 
Марыа Я За ТР ААУ СКАЗАЎ he ЛЕТ P зал پا او را‎ fom IT ЙН! | sı А : 
рі Poi roh XI “7 Бр | و وه لم‎ yh; а ма "ys Y, mi пр К о 4 | ь . 
Безмер ААА Г ДОД uy ws е дала) y М 4 | 4 5 Р 
544 СА لو ال اوک ال یل پا پس‎ 4 re hd Yen У || | P 2 
А OS N БУР яра КУ У SE | | ИИ | | 
АО ИУ 4: n S Sr Ra КИ | ||| | | ПИЙ Қы, тар 
fatte 1523 За ае ар АИ РА ЈА Я у АСЕ ОСТ 
ДА ААЦ ра, 244 426214644 > : EX Dr Vr Wo PUE ТАИ ЧАСА Г р 
P 0 LEX LPS ES P EN ЖІ CC OU gehe САДУ. هال‎ КО әл ТЕР 0 60999 4. : 53 
рур АЕ Et 25 мда VW ae й гача و‎ 44 Б У COE а 1 
е d EP PRA TP P КА КИ И a No АМА КОЈИ КУ у л 
бэ رلم‎ ALT IE] КГНУ ДЕ ж А AE УС لي‎ POE ٢ а Y os A n Pe KNOX LIBRARY : 4 
ара НЕ DLL YT د‎ Aree EX ال را کل اه را‎ ы ла ада E y نلا‎ : 
1 bal» ld pu ^, : 5 رر‎ d£ خا پر‎ nrw ; 
لل لس سل وب‎ TEM velas 4 а ^ 8. په له‎ ААА о ХЭГ АЛХ УЛТҮХХ б 
РАДИ ELIT ЕТЕР an Pt one ES "рт в اځ‎ ۶ Pio vore مر کل‎ cy ado E CE e Po ын 5 ь 
РҮҮ PPP $458 e) 4 «d خا دس‎ AUC КИ ЕЧ CE RA Aub ak EE: AS Ws AX ALD TW Rohr es x " А 2 я 
6-6 v Yi ich aia СУ?! “УЛ ам нд d PL AA UE yg y" : اس ره‎ ОН К.А, CO Ps کا‎ PRAECLARO. PL EN 5 | на Р В. 1 
یول سا سایس‎ ж په لل پس‎ РЬ UR X И) WE CE LER C КО АИ СОЕ ЗЕРО ЧИНУ а t^ و‎ ДА У X Г то оо а د‎ ۰ Й 
ГЕРІ пр и P» o Mesi LIS $e à ХАЛ Ч АЛ, а 172 ДУО «ча ка: BOY МАЈЕ UN z з.» ©, СОК ЕЕ СА EM 
DLP ordo dI Pu P P OU ERR ЗАТОК АТО مي‎ 87 8 ЛАЗА КИ СЕЖУ, 6 64,94 түү" "enr - رول‎ т : di mr 
5 н it у СЕ * мА РА ба и А ДЕ Ч d وه‎ ` 4 "Uis : 8 
لزم راب کل ند هنولام يسر امو لم‎ Ly A TUTE er JOE P ERDE ў а е И wi Жатты 5%! : 
pepe Saeki ال‎ РО Py P, 40:54 гї, 1 "ҮҮХ ره‎ eN 097 EET) PCr O ОД" وړ‎ у б, . 4 А Т Р 
Са а 4544 4.63, > 2» واه‎ ^at 7. مې‎ г А ^ 
EP PET И POE P A E PIC : ЖК; لاو‎ E EEE f A ولیک‎ Aus > p UNS 4 У и p ae ял Эг پس‎ JE ЕЛУ, . 
5 ау; 4 Pea ШЕ КІ : or ы ЖАҚҰТ ЖҰЛЫСА, а БУ К Aen LER MEI Т Я = 3 1 ГЕ 
ја аде УУ ' СЗ үнэ КА БУЛ Уа TW Р : Үү 
ليصا‎ E ES АВК Р ٩ Я Б - фа ГЭРЭЭ АТАМАУ 468415” . ام‎ АУА Ж ҒА! 44 є 4 , : Із А 1" Я. n 
ВАНН ОРУ ولیو زو ره‎ Nay SI XEM خر‎ a e a e e ЊУ : 
p A n Foe ы Е? г! ELEC | * 4n nad sog. A у А » за * df ШУ . " d А қ 
ا‎ рай UL AEn я е ых, رد پا‎ WEE 22 : 42 М х р 
; سم‎ ( > : : ТІ ЖЕГЕ ^ 3 А Lor. БЖ N N " ше ЫЛ "Y P 
пні ori ed EET ў ا‎ : «мА аа р ی‎ иа د خو‎ ТАХ ХЭЭГ 72 ПР ҒҰН as аса Ж. 3 ё А А 
4 4 سف لست‎ ТҰ و در"‎ КА АУС A АСУУ: г : ول و اه ري‎ КҮ .4 П f T > 8 
LTD Ly Р PREP ра الو ښک و لیر د‎ PR АИИ АТ او‎ 
ndo ملس‎ т " СПОРО РУЧНА 4 D^ 14 e : 8 уч n КР л, ы А Av dq 4 کا‎ 4 6 ew. Eita. им. re Й А "t Ж Жі LU 2H) 7 r ГА " A 4 
и ие р, Е АЕ" уе ييا له ره خي د‎ F kJ M RW "Wr We کل‎ 9 4 РАЧИ ¢ لل لا وش لا‎ 1 К 259. P "e «, А А 
оаа аа аа Ў РРА зА ДЕ ПИ لو ماښ‎ ы ЖЫ» д او اځ‎ БАГ en RE Уефа САРЕ te cae й ose ur v IU БЖ 47“ Oss “а " 4 
PS ben ends Cyst РАНА АА ЕА ЖА АНЫ RELY TER СО با‎ МУЫ УЫҚ ЭРЭГ ХУРЫН а, ا‎ ко 2 А Жаса” Р 
РАД а аы РИ р а SEL И ОР С PE РЈ АЕ У ХХК КК ХҮҮ Dba’: A ليه‎ UG КА, JPY NEC а А : 
a РЕ ери ААА eed Pl РЪТ pA АРА И И Ne HEU du RR d T 4.44 4-44 44 цач л. “3, ДАЛ ЭН ЖАЛЫ رک‎ a . ERE б 
هگ‎ И ра РА be RE LE FEN ال سه سو‎ BA, ЕД زاو‎ Ў Д а А КАРАТ КАРИ РИКИ НАИ На А ey Wee Wi RTT лае са " Г й А 
сара ЫЫ PER Pd ځوپ‎ ER RACES be i de Kb VE Tw Ld. RA کان له لد کی‎ ра а? KA md Od EEG 1 48 $ P d « . و وږ ده هه«‎ 
ER OE OB ole T дА У ҚАЛА Кр PY FREE MEE Sgt] VeL AA n axe SE erg ДА м га эг M. 47 5 - c Гой 
мер Ды Fe Pee а у ПРИ А Y Ye Y N E RES NE CRIT - Оре Е.“ я е аў! D TL і Ма а : 
= И et У-Н 1 зра ee И Ў аа аа Or? vi wa Pare Р E ۹ ٣ et КГ د‎ и T Е А Ur. dx 
زاو لل ونور ومو وس رق لهو دیا وک از رل رما سي‎ P куру C E Р د اس‎ Lc 
وښن خي ادن خر حا وان پر‎ ез Ма ОРГА AE CPTI Pe PR ДАРА ТУК РУ а ЖҰУ; xis (aS Е ` ' uL , а а 
chant Bod npc ی و‎ E E eh ê Aa ېک ېړ‎ HAE LQ rd a a ОС КҮМҮ КО, $ Ди. о 114% Жалт В Й А р 
БУЛЭГ УЛ ЭР з Малы ЖЕ аб Жа الا د‎ CN P ГҮН $ ۸ § 2 * 47% 4 ٢ а & 
Eur d da TET TIO TE uh QUA ME e a i СК АЦЫ дам Amp pus АДИ" аа Ва А JEU TEMP TRA, РХ ( “6. 2504. Dr Р 
ана РИ РТУ 2 Н Жылы КЫ وق‎ РИ РКУ e rs e LE 22 ЖКТ CN. TU MM 1 476 
23 ЕЕ РИТА КР НЕ the Сы ae уг» ЖААЛ Эг ۹ > : 7 ~ 
5 ^J, DEUX i 1 TITY Ара А 15212 Реди. او‎ Ж; 52 4 У у я Р En پک‎ 1 7 one 4 к RA, JE а ча « РА .. 
xri o LT ACC ER С СУ P а а يه‎ E ۶ و. & کک‎ тори қ З A 
7 Я порча в ^ ^d Y ME ES « 27% КЕТЕТІН фа б АА г, gt: ^ . [1 ТО ғ 1 4728 ыг 5 Am r 
' В 4ر‎ ED VSS or wy СИК Пи И УЗ Съ 2. ру 2 % "у "И СУА ur - 
Мы d و ان اس‎ Азу а З ы ТА ИН а. ПЕРА, ra Wert МО ب‎ 4 : a Х 
уа وح‎ „н АГЫ .لا مسا خو ر و ور ری‎ E sunt. 4 4 552: ХОГ ы РЫ Ж ЫБЫ pul. ULP 4 € PA т ps c t 
همد ره‎ ОР ALD IRR LST RL OPED EY Per RM FE a لو لا وو دوو د‎ ПО СА Ае 
М 2 Я PA 0 2 ! d жи, ke د‎ АС И : Р”, . “© С Ф СТЕ ү : , 
Е ИН О РО АЊА ASN OEE PAGES май et Ar 
е г З (4 ELE UL Yan ч 4 бы d ҰРУ, ۹ E р Й 1 1 
РРА бая: at A Ie “7 а-а ДЕ РА: Қ , є 1 Ээ А 5 
dd Seu d УЫ чеда cp АЕ а لاس د‎ S EH лг N " А 
рр ар iin he یا‎ й 252 9 Р ААР Аф. ах 
| ў : Я "а 4 ДА rA ter авы ٢ а B x. eser 5 
^ D^ WM. C 222% a ME Ro £^ й Jed uu ТИ, A AD : ~ А 34 د په‎ ts : iy LE ^L 
ОК РР МС" . SA a d 344. Й ЕЕ е, . АТЫ iz CNN - ` له اس‎ . қ 
8) Р Је А e» D ځا‎ са on لک‎ ДМ АМ ۲ ۸ Ж КА У МЫ е Ж, У | sve 1 t КК E К Й Й 
ВЯ Р а А) ЈАК UP аса 39 ЕВО РО А КЕ РИМА [Em T FC die: Mo ўе МАЈЕ 4 2 Seni б ча Tov М 4n А " і 
"y Ж-а м ^5 REY а 1) Lr | КРРИ E Pe A De A LEER, 4 TS POLT a’ rw 3, 5 М АД АГ " D Ч 4 Й 5 ы . Бы 
Pow e uu реа Дар БАЕ dg ЈИ Lum PE AS; А) Ыл 2 ان خو‎ РА АЕ У D. №. " 3 پر‎ “f . ло 2. А: > у 
جي 4 سي وء‎ DT ed rd app РАТЕ LET АРА EE : MOr РР A є سل ویک‎ Ад П P ПАК ИА Р : 
2 " ou М 2 AF & 2-7 Ы 4 а гр А «"а ٩ ' 7; 
АХ РА наъра ж g Ag SO и Гро RP тымі ы Жэнж т Е 
а 0 2 71 ? . а ч А ^ Р К... 7. .. 3 Џ 
КД ТУР РА و‎ d 5 OUO Ne ЗАКО че зе 
РИ سو اا پا‎ аа ае о СЛР: тежа. rye n Же | Ea Е SB 9 Ғы А: اه‎ 
ў mm аа ББА LO ада ГИ б P مول و په د‎ ha T г: + 235 КАЛИ 4 56 هر‎ 46. м ae H 875 .. Й 2 
Ре ўр os МОРА РРА А аба УД A 4 " СКИЈЕ “~ t " 
поета DA EO ша, a pP 32 DERI n ان اک کم پو‎ ы й $ x [e 8 2“ 300 Й UC ... د‎ IW ‘ в. А 4 
1 Р; р gc ОКЕ УСА а яд ٠ : 2 s (Ф; SC + : 5 
ода Pe РА АИ ЫН ы, Ч АР em ibit , à ДА Н Зах, б. Сы” 33067] fos ro سر‎ .., р 
ier ie Ары О T EL VE PU E : Сар 4 ۳ 9,5 TL SPP ~ ын На Jf d 0 52. و‎ “а ИГ Й й اه‎ 
ЕВА s پس له اسو ار تا‎ РН ДАЛИ ERM б зл, з ОА А acce ; Don ТӘ А а 
Ида ЛАРИСА ә 22, КАКА Lapi e E EU M e le reda , NIMM TN are EC : ЭГ ^ 
а а ўў фа Өкі АРКАН CX AE EQ OUI ٤ : 
рву DT n ЕРА, ИЯ ^j UA AR vo a чии e БИТ 
لودو له ودرپ‎ А А ВЕН ا‎ : СЧ У 
И Я LS Bp E d К 44 ا‎ i ۴ ое ач РУ: JAM д ۷ А т 5 1 + ТА ork | ЈА s и А A : ЈЕ 
2-3 بر ېښوخ خد لو لتو‎ E ښخ‎ EERE улау мо D а 3 واو‎ | 1 
: سا‎ а“ м. se i МР 5 ie es Per tow ae қ А ААТ А : 2 : 
tel ies ж. ЖҰ. LS Se رو ار لر قا پو وار و‎ Go RARE. 5 ў п РИ ба Г АҒ A А ег 
э” Зьр- Pt ul Lad но ЗЕЙ 222 HETI СРЕ Да rr 44412374 ТҮРЭЭС X Un КҮЛҮ: БАД ДЭ у JE E ДЕ ` ш "o. С лен А Е E 
ښوا‎ aaa a ال سا‎ РИМА a БЭ ЛУС fas P Pati x Е A. н i AG $4554 ery ЈИ Us. : 2 ee ч боб 4 Й 
ада سي خر وشخ‎ "m yy Р 4 гу? CRO at а АД] STU Ч > Жағы ыы ғы”, a a ولو‎ А өлік ю бг У М g 4. 2-1 . D А 
Ул) 52% Ph vie D اه‎ ТОР ЈА Тя РРА 5 Dod J.T Ew di ' МЕ г 4 с» ғ... і Д Г 4 D А А 
Ре АРТ Seal E bak fd MM پور‎ ВН а а کو‎ БАЛАЛУ ава ҒҰР” Уа, ICL Age П Р 4774 тон ЭГ : 
и АУУ ЖЕНА ОР X o ARE дс ү КАЛ 432. T MEET : 
НР РР ВНОГО ОС د لا وو‎ нн ЖЛ Se Ў А.“ 
ФДА РА РРА و‎ a E г LT. لچ 3 سیا‎ Peta ы РУ =. 227 я д 1 й "a 2 7 6 АЗ АР, 1 ы М M Санг А Р 4 E А 
КИТ ТЕРОР АТ ا‎ Ps و‎ i ЛИ AU | Ж жй кы а бы, ИМЕЛ ug vg E: 
Я Я А 1 с ри wr D XE Cd Ac a 4, e OE S А 7 
бао иа ра Ж ИЕ Fi О ر‎ А ~ К uh c or а ЭЭ Е 
j 044324 49222 ۷ Я. E FUE alb А و وك اس دځ‎ AE є Ре 4 и i ии Ополе Й 
у ی‎ E و‎ я АА 24644 rey اوا‎ ү P H AZ i Жо- ка E % I P ил А А 
4 с - к 59 Р هرو دوښ اظ اسا‎ А РЕДА ОЖ К У р РЫ а ы Ls ٨ 
А ЖА ۴ Y = Р 4 А 4. . * 4f " 
На DENEN ААД DAL EYE: i “А мач." © ұл – Чи x ТАИ , 
UC E ВІ. Е Me А EE б JP ў M LE 4 
бы, ACE) 64 ЭГ, ки ы 4 е ПЖАА шэн р Et 1 * 4. 
Жажа)» PV" ду = EPA V PED 4 ЗА ^ що » АН и 
E f АРЫ d 4 i 


< 













n په‎ 
MEAS MAR 
E 2 М, 
الوک وسو‎ 
г AS і 
"ul x ird] 
rra t 
ГЭЭР а ГА 
ўце А №945 АЖ 
ries У. oh: M 
2 ولو‎ 2 АБАЯ 
КУ УЗ ЕАУ И у 
У Peres Ұлы 


ЦУГ ХҮҮ: 


2 






ASK 
شرع چه په‎ БА, <: 
НА A 
LO Rue A E dL 
دقن( لل سه نه‎ TA ts | 


Y op Ld 


8 С a LP м ~“, 
ЛЪК А BASS > 12 
ey bin کد‎ Ре ҚЫ ха 
а г, чк e ЛМ > А т * 
det vl e trm MI го 
ped а اس پا‎ а ++ А. 
«т: а а ~ ь ЛД 113 ^ ETT 





© 0 اه‎ A 
Ex] РРА 355 а 922 * 
په په هرپ‎ ААА S په‎ 
КДА | oe و‎ пачи 
а پا‎ E 




























































































































ET 
e АБА RRS ° ال‎ a Ed تد‎ 
Ағы, кақ $ که نښه‎ у ДИ ЭЯ 
нае Jot ځا په صا د‎ 
و‎ nA e e ча 
ры 7 заа БЭЭ 
x : w 
په‎ e MR TU NNUS к 
en үнэл, ыы 2% УЧ 7 ААА e A, e “е Ae у 3 ос E 
б Е саб ~ WIE WT ظم‎ 1 б ۹٧ ч б A < 
да аква Нь ay ما‎ КА А a ы АДАЛ v vm ы і к 
له ^ اپد مه پا‎ ۲۸ Eod А ХА хэлээ b АЕ Ў, чері" а у АСЯ В | А 1 
күш XN А ANS 5729 аа» 5 A CENA ры : E n SEG, oC O Nn Ба аа, КАСЕ За د‎ Ч ы M с ک‎ А 
LETT uy E : ГҮ. ы ча اش‎ ә Ae >. 17 ايب‎ К “.. р $ Й 
"алад. б аа ХҮ асық ақы а ٨ Я ХЭ ОН Му T a br dr. го y ک٤‎ 5 £i „А. .% . ш M. Мы « Ы Ы А ' à 
e (444 аа ак нача заа ды REESE А МУ с АДА За АУА Ааа ОЈ Ја И С дом л 4. мг. я i м й 
: аж ч ЗАЛ ЭС? На WOM DS ree ety сега هه دپ هه‎ 4 : - г е, 
ас тык чада а ДЕ АТ | қарта КАС Ч : А МЕЦ : 1 єє Ху Ае СУЛ: و‎ 2 P a $ لف‎ . i. 13 | 2 2 ща ۹ PTT WEE 26 ; И к 5” ( Ў : 3 
هي‎ Ду! AAAA ЦАЎ اد لم‎ A th te Ха а r a 7 ед Ја % 2 | БАУ а ак аа Ас Еб у КоЛ Ээ р à ў puare x E 
з a х Xv AY A TUN رال‎ Вау: саа die лал АЛАГ Ира узы ААД ВАК А а DNA Г.Х МА У РИК 4 H А z б. : 
لم‎ - зас p A get а ЖА а ИДЕ : C EM а 15% وا‎ Ae X ps id уа КЫ л, у Ах м emf 8 M Ж 3 Ди Ч 
< | نه‎ heme : НЕ ХЗ Cw мө. , A. ва E EN „2 г " 
ESTA аа ULT Еу щъ» чара СЪДА اک‎ H له‎ "4 ааа ЧА E к үй 1 MUR OD а б Чо Ў AN Ж В. 7 4 Хо p? \ 0 5 а 
CEA Қорда Dye AN А чи а راګ‎ КА КАО ИУ نن ا‎ А УЗ АД ЫЗАЛАНА Е РАО A PE ты -- 42 
пара чара s, PE د١‎ хэл ЧУ РАИ КАЈ чаў С ЧИ О А ОУН د‎ ат COMI: 
1 Е ? EA b i TUN TC arr e 1 ПА à : 2%, “чаў 43. ٩ | | ! Р 
هدمه ههه‎ 5 ААГ АТГ цэ و‎ лал залаад БАБА С АА УЬЧ М "سرو لو لو‎ я 
اک پا دوک کا‎ за ПҚ б ЊУ OUR" K Hoyer 1 د‎ " : % 8 в + Г қ 1,2 а 4 
Жын е лу к نه الله‎ КО А ЎЎ i Ns é ret 7 и Л | 
ААУ УУ а LM i hé t 
ACER EORR, LC | хийсгэн : : M د اي‎ 7 г a. 
ex ANTI £5» S га M : وساب‎ И А "ET А 
یښیا پس‎ ks н : E “sn б fn! + аңы Я қ 
қаралы у Баа ev C С А еч à AA سب‎ ; , ДЕ А A Pr т bu i На. nya Vie Н ыг یا‎ ٢ è E е 
LLLI ٩ - : 1 .. A : Р 2 
У А А ММ : Е i ЖАЛА? 4 ї 9 اچ ا‎ ЗАД t 3 دد ه‎ дээ wi, 1 ч | 5 М Р 
засчдэл » МАП ДЫК СА 58.53. 4.94 ВАЛА ОР ee E 4 1 E CT det к э. ын. Ч m 
` "X" ил | 4 ал Ў P ول‎ E - : 8 3 
AG PONE АКК ААА XE A УЫ AP ыа an A A ar М Це 4 \ 
rS EE! LER RP NO а. AE T TD Й to МИ nn За у а 7 a اک پک‎ «€, wee ағ à 
АИ ЗАО ОА ў ыа MA NL Аа а, ЗА АТА Қат “a ^ ЭЭГ и и 
۵ ۷ لل کی سا په‎ чөл» ET boe و‎ x чл галь YE АА? қасы 61943 3 б й T- i Е ١ a а 
$ й AAA HIG Sy ай сь { à ы 3422 A S d г 
اه یا پد‎ DU E ў МО EU мые A у уа над "EA Ela АУЫР и ٧0 st % ЭТЭ й жом М 
МАЛА АД А ТОЧКА е : Зе TIUS Ч ЭДЛЭХ ЭТЭ Simin) Gal a” ча ч,%4./.,, ; 4 
мо галь ч A ч . هوان سیه سا‎ У i p. аа ы | ЖАКЕТ AE CON а E ДА ТАР 
хх ЭЭС Хээл мал b Va v A" 157 Ae Ма EY АА DB ۳ М КУДА б a 4 ا‎ : ў 2 ә чыт 4 
4 pe AM لراک‎ фас : وې‎ e اا‎ КАА, А ба“ ы 1 E ay б " О 
لل مه مده‎ а Silat A LOL MEC ES ОА nnn ae ач ы і سب‎ Ye 8 аа 1 ] 
Pt аме я ААА. КАБЫК И ЈА УРА ХАЛХ NO ۰ - 
АКТЕ 4““““.. да то уа Аа - اپ‎ RUNE nn ae Re Ў 4 " АС A қ YET А T тер “ 
МАО ИСТА КУ ЗОО УЧИ а КАДАЗ БАЛАН КЗ ҮЗЕ 82۷ هت‎ ٠ te ы : ٩ СЕС М кк vig : 
شه ها‎ ЭГЭЭ се A Ууз: чу. М ЊУ у ليه نیا‎ (9 опъц tin а ЗОЛ У EST L і .. 4» .. s "г г 
ыл. E үү СОЕ АЈА vt ev f ١ : у, لد اسا‎ И??? А E г а А 
парада ааа уся 8 ٩ vea a EN ЫМА ۴ х سه هه‎ че қо “а ка ада ху АГ ODE АА ЖАР, ЖЕ И 4 я D ts E E | ۴ у + у Ve 
а ана З EN Ы eR ere А لالا‎ ХД О А бі а а NT JU 0 й 
Ча а па а ыа, ры а M LIEN run аа ал ҚЫН ال‎ У УУУ S Arts .қ de г. эээ ۱ 1 р a 
ч ٩ h 2 Ч и “2 : . ~ 2 Е ка А 55 Е : 4 
АМ يهس‎ Ка м : «Лай. EA АД О за a МЕ „ы د رال مک‎ И : A د‎ 
ДЭЭЛЭЭ Ма NC QUEE Р A, SUE LLORAR Я . А 
rib, Ж 12 А “ты с ча Pe RE IMS АХЛТУУҮЭ A SN eng хїэлээл D ph i з“ т» ы LE е A 
у унну АА ОСОМ ЗА КУЛА. VSS ы ЛАА АК К ال واا‎ а : E 
ч ов я дА 0 О Р Г Д ry i у " й A Р 
PRECOR EK уча ди I А АЙТАЛЫ ДЕ, MR AE SY ый Y 
ДАДАТ АА. ПА КАКО ХАЛЫ, د وڅ‎ РУ УРА, ДНА DOE SO a A M “Ха 5 
ма АЦА, à ү ې‎ А ٢٢ weet ey rere. ۷ ALAR IC 1 E j 
М „Д ч uve - У «м : 
2 ҺА Аы А А УУСЭХ R ۷ МАХ re TM а in 
hee LE ٣ LITE OG КЕТИ MEE EAR АК КААК 1 à 
MR ҚАЛАРЫ ЗАЛДЫҢ ДАЛ ҰЗ) ме оъ ља, Аъ a АЗИ А | à 
АД has ДАМ ВОЗУ O х г АЛАХ ААС ых АА ال‎ А АЫ и ў : | А 
АА IAS AO 520 RAE XR, A да АХ О КОЗА - Di КС. 
. ks Ч ААЦ І, Ма ee ee А КАЖЕ Е 
AE EN чай ие ту ща КО DAAR T 1 АА, A ê “Х..%. OR OCR cae ar aad А 
АННА, M, نر نیا هس‎ АКАД; ed ца ААА, ЗОВУ А, МА А ДОК МА КЛ И и М 
Ab ИД ОЈ ها و‎ VAIRO АЖАЛ ОС АВА REN OO А MÀS ў Е 
у ОИ v St 8 aL Oe tae û КҮ «ач Мае АЛАТ УГА ОПГ "په په‎ 8 есе : 
ДС АОЛ МАЛА АЕК SEE VALORE LEX شه ره‎ а NULLE POOLS АЕ 5 
LAN LETT S QUE VL NS Кее ад е 4 n ee ЫЫ а uy Yas ter Or br ae ЗАЛИТЕ кү REI “4 Г 1 
ма ЭЛ сн UAE А А АЕ А А Oe he ЖА; ҮЗ: AARON я : E 
№ МО MESSA, OT ЗАДУ A) era tv хоо ^ 
| ЭАХОЭЛХЭЭХҮТ” : | t Io » d и 
ы EYE АЖЭЭ "p 29. і : 
Хы А Ч [DUE 55, САА, ХЭЛЭ NC Mw Зу i EN : 1 
АДАМ “40554120 : МЛЕКА ХОСЕ ir Ч دک‎ АТО мэхээ Y " | | 
AM А уу" еке j^ АХАХА ААА LII зь баз ٢ А ДЖО ۰ А 
ААА ель ра ар „А a په‎ 





